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This report was prcparod hy Harvey Engineering jLabora-
tories for Research and Development, a diviston © HARVEY
41 USINUM &Incorpora?cd), under contract number NASR—11930
‘2 the George C. iayrshall S7Aace Flipht Center of the
NPtional feronautics and 5pace idministration. The work

is administered gnder the technical direction of the
qapufacturing Enginccring 1.abnoratory with Mr. Elmer F.
Bizarth (R-AE-11) and ST Franklin J. Jackson (R-ME—HW)

as technical represontatives. Participating technical
personnel for Harvey gngineering |aboratories include
Mr. L. W. davis, project manager: r- n. . Cole,
metaiiurgical engineer: Mr.

engineer; My, E. Ve SumnerT,
ectrical

1. P. Evans, design engineer: Mr. M. R. Ransom, el
engineer; and Mr. . Jendling, welding technician.

The results of these tests shall not be circulated,
referred to, or otherwisec used for pub\icity or advertising
purposes or for sales other than those jeading toO ultimate
use by an agency of the Federal Government.
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11 et Sysven Yo, 1 for mront Side Chilliag of Weldnments
using = GCryogenice Jiguid -- Suationary Shield with
. Maral [oil Seal.
17 Jet Systen Do 14 for Front Side Chilling using 2@
Crvozenic Liguid -- traveling Shield with Spring
LOueOU Jerallic Yool apd Yire Brush Seal, Heliumn
purged with vetallic Shirt-7 Jet ranifold.

13 P Tfect of Front Si&e chilling on Thermal Cycle Curves,
Jot System Vo. 14, cort Welds in 1/2-inch 9219- 187
Plate.,

14 ={fect of kFront Side Chilling on “herv rmal Cycle Curves,
JetSystem U0, 14, Dutt Welds in 5/16- inch 2219-137
clate.

15 refect of kromt Stie Chitling on ' ¥val Cycle Curves,
Jet Systenm 10. 14, sutt Welds in 1/_-incu 2014-16
Plate. .
14 Wffeor nf Froni n= on Thermal Cycle Curves,

S in=
2
Jet Systom Yo, 14 1ds in £ f14-inch 2014=76

riate.

foks o3 ? iny on Thernal Cycle Curves,
Jet Systen o, 18, qutt Welds in 5/16Y and 1/2°
e

rral Cycle Curves,

18 nffect of rront Side Cnhilling onm 1t
b 2219-1%7 and

Jat System 1O, 19, nwtt Welds in =/15
2014-T6 Flate.

Zifecr of Front 3ide Chilling on Therimal Jycle Curves
for butt Welds in /15 2014—T6 rlate
T¥fecc of Front gide Chillin: oo Thermal Cycle Curves
cor Tutt Welds in 1/2" 2014-75 2late.
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For current aerospace apjlicatiopns it is essential ti
propart ics of aluminur alloy weldments be increased
maxirum possiile, Froperties of heat-treataltle alloys,
part Lcu1dr1y those involviay cect strustare, are tis

ture dependent.

The wor¥ covered in this report wag initiated to investi-

gate the {easihility of applylinr a concept for controlling

the tine-temperature relationship bty tapingerment of liguid

CO, jets in the vicinity of the weld concurrent with the

welding operation to produce heneficial thersal patterns.

Target therral patterns were those which would incrcase the

thermnl sradient in the weld area and shorten thre tine above

0‘1t1£u1 tP”DPTatWYO' to a minimum. Such patterns should

produce welduents with finer cast structure and narrover
&

heat affected zones, vhile inhititing aggloneration of gases
and strengthening elencnts as well as decreasiag formation of

undesirable ompocnds.

Mareriale selected for the experisental work were alum
inua 2llovy 2219-7T87 and 2014-76 in pl nic!

te t kness of 5716
The welding process selected was JU-Sp tungzsten
ding to be azconplished from o de ia the
to in tre horizontal positlon using 2319 filler wire
for btath alloys. Une pass was prescribed he £/16-1inch
S 1

b;’ ‘}
5 ited for ¢t
material and two passes for the 1/r-inch mazerial,

Experinental equipment and proceduras vere developad
N £
4 t"

for welding 17 inch x 48 ineh panels with sulilclent in=strau-
1ent hea+s input and extvaction
Livy o

mentation to nonit
variatlez, Uel ,
cmbedded in the plate.
{or nmeaczuring weld temperat

Two sevizs of weldad panels were fabricated. ‘lali of eack
cevies was welind wiihoat chilling an'? Ralf with liquid GO
chilling, ~trenpting fo naintain co*pxrable weld bead dines-
cione. In tie first serinc, chilling was effected {rom the

ack side of t-e walduent using a douile laver of glags tape

O TES HA NO 2”83 PAGE . ety ..

ey e s
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to prevent deformation and contanination of the anderbead by
tle liTuid COgp.  In the second series, weldnents were cnuilled
from the Ifrvont (torch) side using a shicld to prevenc leatage
of CU, into the arc area, Several systons of jet orifice sizes
and arrangenents were dsed for each series.

.

.

. Compnrable uneb 1ied
)

and chilled weldmnents for both series
vere exan i“,d Ly Xeray, fracturing and w4crovccf10ﬂing. Tan-
sile tesns were periornec afrer natural aging, art ificial
ti

ng to the T- 6 concition.

o 0
o
B

aging and aft reheat-trea
Yacroscctions o“O” riat chilling markedly reduces the

grain rize of the cast structuye and bi”ﬂifi"“ntly naryows the

heat affected zone, esults of tencile fesis indicate sub-

stantial l~p"0v¢1(ﬂ*“ in the yicld strength (up to 207) for

chilled velds., 1he effect on bltinte strensth was less

clearly defined, 1In some c¢& ces increases up to 18% were

obtainad, and in other ¢ases .'1i sht decreases were noted,

Changes in porosity were "1“11ﬂtlf not clearly definmd: howeved,

eve that chilling does not degrade the weld-

warpaze both in longl

the indications v
went in these respects. In some cases pa Lculgrly in welds
chilled from the back side, nmarked provvweﬂts occurred
indicating that nucleation and 2r¥ o"‘n of porosity might be
inhibited, Chilling fronm the front side ﬁreatly reduced

0

-

It is ¢ < t z 11

ligquids is feasible for i~oroving weldment pro

further developuent 1t worranted btased on the rprovenents in

vield srrength and conkrol of warpaze. Lt 1s expected zreater
strength iﬂprO"ements can he realized, and thst the concept

can be applied to control of ﬂrpawo and residual Ctrﬂﬂﬁes.

It is therefore reco onmended that this work he contlnued to

verify and extend results already olttained, and to reiine

equiprent aud tec hnigues preparatory to applying the concept
to production welding.
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17, HIRGOUCTION AND TECIMICAL BACKGROUND

.

The objeczive of the program under which this work was
periorned is to develop methods, tooliny concepts, and processes
to ‘control the tine-temperature characteristics in the wveld and
heat-affected =zone, in order to inprove tensile properties and
recduce no*os;rj in gluninum weldnments., A secondary objective

is to advance the state-of-the-art by developing control methods
which will aid the welder in consistently producing better

velds in all materials,

The need for this work has been brought about by the
increasing requirement for higher strength-weight ratio and
for greater reliability of weldnents in aerospace vehicles,
in particular the aluminum components for the Saturn V hoosters.
Stringent design demands have made it necessary to obtain the
maxinuan properties fronm the best available materials, as new
nateriale developuent has not been able to keep pace with these
denands., Therefore, the increased design requirements muct be
realized by inprovements and innovations in-those areas oXf
materials processing which will raise design allowvables of
existing materials by decreasing degraaarxon and increasing
reliabilicvy. 7he fusion welding process characteristicelly
degrades propertiers of most high strength materials and also
decreases reliabtility by introducing defects.

The copper bearing heat treatable aluninum alloys are
severely af{ected by fu °1on welding, as their strength is
dependent upon a sensizive tine-temperature relatloqulp and
weldins produces an adverse relationship. 4 cast structure,
which contains larze and inproperly oriented grains, may be
produced., The parent netal adjacent to the weld will be
affected by the heat of weldianz. This zone will contain a por
tion in which eurectic melting has occurred, a solution anuealed
arez, a partizlly annealed area, and an overacged arca. Depend
ing upon the time-tenperature relationship, the heat-affected
zoncs nay be wide or narrow and the zore of eutectic melting
may COutain small or larze amounts of coalescad sLxen<tbenin5

and zrain refinins elements as well as undesiratle "O“powﬂdx.
Aall of :?wse “?:alldr ical structures aifect the strength of
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the welded joint., An optinum time-temperature relationship
during the welding process will alleviate these Eegra‘)nﬁ
effects, An increased cooling rate can reduce grain size and
retard agglomeration of strengthening elements: a steeper
thermal ﬁvwﬁie it can reduce the size of the heat-affected zone
and allevizte adverse grain orientation in the cast structure.

Fusion welding can also introduce "mechanical'’ defects,
such as gas and °r11;\a&e porosity, into the weld. While

these defects are not ordinarily thouprht of as reing time-
temperature dependent from the @tandpoint of welding, it has

long been recognized in the making of castings that they are
in fact g::?:ly izfluenced by cooling rate and direction of
solid fication, Since fusxou velds are, in effect, smnall

castings, similar prineciples should apjly. & steep thermal

-

nradlert produces smaller dendrites and allowus “esidupl liquid

HA NO 2283 paGell.C2

metal to more effectively feed the interstices, reducing shrink-

age porosity, Urniidirectional solidification also promotes
escape of gases and alleviates formatinn of shrinaa;e porosity.
Fast cooling inhibits gas pore grovth and resulits in a recuc-
tion of gross porosity,

t an optiaur thermal
al zradient and reduce
ges, will improve wold-

Fron the above, i* is apjarent tha
pattern, which would increase the ther:n
the time at temperatures in critical rang
ment proporti '

=

3

The use of ¢liill btars has lonz been used to achieve
quenching during welding., Vhile this method is perhaps
adequate for ﬂelﬁs in non-~critical suructure, it has three
Fl‘tlﬂCt disadvantages: (1) !M-n-uriform contact botween the
ctiill hars and the work piece can cause erratic chilling
with resulctant hot and cold spots along the lenzth of the weld;
(2) The degrec of chilling is not easily adjustatle to the
variety of na:terials, thlcknosses, configurations, etc.; and

(3) 'tard" toolins cannot always te used.

Sfforts to control weld chillin: %y selection of special
chill bar macterials, such as titaninm and insulator-tyvpe
raterials, bave indicated soue promius in ovsrcoming erratic
chilliag but are subject to the other limitations and pro-
duce only a limited desree otf heat extraction.
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The concept chosen for accomplishing the progran

objective was alveration of the thermal pattern in the wel
ment during the welding process by i*plnﬂeﬂouu of cryogen
liquid jets ia the viciunity of the weld, uy propaer balan
of heat input and heat ext raction, the time-temperature
relationship for the weld cast structure ﬂd heat-affected
zone can be controlled to minirtize porosity formation,
grain growth, overaging and coalescence of grain refining
and strengthening,

'—u

d-
c
cing

The program was divided into two phases: a four-month
phase for literature and industry survey, and a fourteen-
month experimental phase. The purpose of the {irst phase
was to determine the state-of—therart to avoid dupllc“Llon
of effort and to obtain any information that might be useful
in the program. The second phase included all of the experi-
mental work, and was plaunned to consist of two principal
steps, The flrst was to establish realistic thermal patterns
designed to improve the weld properties. The second sctep
was to devise and test various means of provx ling the tine-
teumperature controls required to attain udx1mvn increase in
tensile strength and decrease in poroolty elding studies
were to include two plate thicknasses 9/16' and 1/4“, in
each of two aluminum alloys - 2014-T6 "and 2212-T87, Yelding
was to be performed in the horizontal position by the semi-
automatic TIG process, using direct current straight polarity,
on square-butt joint preparation with 2319 € T W
required,

iller
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The purpose of the survey was to obttain i
wihich mi skt Le helpful in the performance of ¢t
bty ave Hlﬂg duplication eftort and/or by su
the original program con

Cur+ent abs:ract bulletins published by the National
aeronattics and Space Administration (STAR) and bty the Defense
Documentntion Center (1Ta3) were checked {or reporis oi work
pertinent to fusion welding of aluninun, and significant
revorts wore acguired for review.

A sinilar survey was made of applicable technical books
and perviodicals, including those of the American Welding
Society, the Aﬂerln?n Society for fetals a the anerican

nstitute of lining and lfetallurgical Engineers. Particular
empharis was devoted to issues ol the Welding Journal pub-
lished during the past ten years,

0

«.) Q. “

Those organiza ions and individuals who were considered
to be involved in work related to this progran were contacted
for personal int ew or for interview by telephone. The
cooperation was excellent, and in some cases special data
wvere furnished and tours of plant facilities arranged.

‘»..u

‘Yo report work was found wh Ch would
indicote that ooy part of this progran is a duplication of
effort. A& co devrable amount of inforuation wac obbaluud
o}
+

.1.
¢
Q
i
?
¢
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~
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which facillitare he experizental portion of the programn,
particularly that work pertaining to heat transfer analysis
and specific weldinz rechniques currently in use for fabri-
cating aerospace structures by welding the partictlar materials
involved. « larse ancunt of work has been done and is
currently in progress to improve the qua ality of weldments in
aerospaca components {ahrL ated “rom aluminum. although only
a few sprcific studies have appaventl, been conducted on a
latoratory bas (o7 d fb*ﬂiﬂ}*: the effects of tine-temperas
turc on of weldnents, a good many of the process
contiols & or shon welding are aized in the diraccion
of coub;ollz‘ tterns.
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In some WOk completed in 1965 by Frankfovd Arsenal, it

wvas determined chat

phren sl ul'Lcan: trends were noted

in the

microstructure which L\.Lﬂaco sne meyit of the use of super-

cnilling during wer L

‘Zrosit'j was sulsi
ne of orain bounda

aprreciatly, and (

o;*’iniﬂ. A1l of

2014 and 2024 alumi
the chill tars (bot
J4t0F, In A second
recently, the Al\l
in ecach €asc, welal
wcl]ﬂd r*ac“ﬁd a se

parts was overcone

dian~. of aluminun: (1) the aﬁo"nr of

(3

itimily lessened, (2D the width of

micro-
+he

- nelting at the iate yface was reduced

Wy 5
3y a finer-g rained cast styuchure was
vig woTk was perd formed on 0,090 tnch thick
A &1107 8. In oue Sset of exmorlke 1tS
v top and uﬂtbon) were cooled Wit 1 trine at

aot, for which data has been pUul)u;

wed

Layrs were cooled with liquid nitrogen.
ing wos pcrio;mpm after the parts Lo te
Jected tenperaltureé, -3¢0 and -250°F,
spectively Diiflculbv with condensa ation oi moisture
by enclosing the patt in & flexible bLagz coh-

taining dry argon Or heliunm.

The cryogzenic

3
advantages OvVeT Pres Llill'ng the en
¢ Y

Condensation of mol

avoided Ty adjusting t
ie noz cooled Helow YoO™
the welcding torch atno
farm tre welding OPF at
Secordlv, trhe desree of e

liqu

i
srure in the a
J

on the

£ ¢hilling has tWO
2ttt prior tO welding.
Le welded can be
et arranzensat £0 that thils aresa
erperature urtil it is shielded by
5. there is no need to per-

T 0, LnusS,
syation in an environmental chanter.
villins and the chilling pattern can

he easily @ adiu wttd.

-

Fromn data otta

tions were nAce )

leternine whethier or not it would be

o

feasible to achieve the chilling required fo7 charnygirg

stterns during the welding process Ty ctilizing liqui
as a chilling agent. .,s shown in Appen adix I, it eppear
entively possible o accomplish the Te quired cooling, U

11n\id Caibon Dioxide.

ned from the SUTVEY, apyroximate calcula-

thermal
cC .,
ed g

N 1“%
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IV, EXPERTMENTAL WORR

A, CGeneral

The experimesital phase of the program was divided into
threa major steps. The first step consisted of developnent
of equipnent and instrumentation. In the second, experimental
studics vwere performed to determine the effect of chilling
the weld from the bhack side. Studies for chilling the weld
from the front side were perforimed in the third step,

B. Squipment and Instrumentation

“xisting equipment was modified as shown in Figure 1 for
welding test panels from one side in the horizontal position.
The basic equipment consisted of a Miller Model 60L/12C0 power
supply, a Miller hizh-frequency uait, a Berkeley-Davis side
beam and carriage system, an Airco TIG welding torch and wire
feed sysvem with mounting brackets, a fixture for 12 in x
48 in. veld panels, a cryogenic jet spray system and suitatle
brackets and attachments for mounting radiometers.

1v

o

Helding Power Sup

A4 duplex iiller OC rectifier-type welder, Model Mo, 600/12C0,
with superimpored high fregquency, was used to supnly the weld-

ing current. ;

Side Beam and Carriage Systen

A4 12 ft. Berkeley-Davis System Model No. TC4 was mounted
on a rectangular support frame fabricated from 2 1/2 in. dia-
meter tubtular steel pipe which was anchored to the fioor and
to the building structural members. The side beam carriage
speed was controlled by an electronic governor (ilodel EG-3)
for travel speeds ranging from 4.4 to 72.C1 inches per minute.

Weldin> Torch

An Alrco Proximity Control liodel UMH-F heliweld unit witl
metallic nozzles of 5/8-in., and 1/2-in, orifices was adapted

for semi-autonatic weldiny using 5/32-in. and 3/16-in., 2%
thoriated tungsten electrodes.

- com———r— i

RO
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An Airco filler wire feed with wire positioner vas installed
on the carriage systemn and fitted for 3/64-in. and 1/16-in.
wire. ~

' Panel Fixture

xture for positioning the weld panels in the horizon-
on consisted of a frame fabricated from l/4-in. X

3 in. x 3 in. stainless steel angle iron, with a "free' area

of 4 inches on each side of the wald centerline. The panels
were clamped to the fixture by means of angle clamps which

were machined for each thickness.

Y

Chilling System

Jets of various orifice size, flexible hose, and liquid
CO., in 250 1b. tanks were obtained. &n attachment bracket for
positioning the jets was mounted on the back side of the weld
carriage system. The location and number of jets were adjustable.

Instrunentation

e e o e

As shown in Figure 2 the instrumentation for monitoring
welding proccecss variables and thermal patterns in the weld
panels consist of Weston amneter and voltmeter, an optical

S

Leeds & Northrup 12-channel temperature recorder
uples, an Airco heliun flow-meter, an Airco filler
gulatoxr, 2 Tektronic oscilloscope, and infrared
raometers.

‘ tachoncter
' with thern
wire speced T
yadiation the

O -
0
m o w

Welding Speed

snoptical tachoueter, utilizing light reflectiouns from
the carriace drive motor shaft, was used to monitor welding
specd. The veflected 1light 1is directed into & photocell, the
sienal fron which is converted into ryevolutions per aiinute by
a hLewlett-Packard Fregquendy “ater, Mndel 50CC. This motor
spend is then calihrated in terns of travel speed in inches
per minute.

R

1 A
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i SKETCH OF EXPERIMENTAL SETUP

12 CHANNEL

TEMP.
RECORDER
INFRARED
RADIOMETERS
WELD TORCH
AND WIRE FEEDER
WELD OPTICAL
[ H CARRIAGE TACHOMETER
WELD -~
PANEL <:>_,“””__ WELD
POWER




WA NO — ve§a . PAGE 17,05

e =

. | ]
o © jranoarnn & Poversprnet
i ,\LK VRN
AR T [ a 1 .

A LeT vodel 1, vith & 750 arnde cv.ant, Was
e workpioed around Tearn, W' ich, in conjnﬂction
volu eret dodel 1,

moniiovys the wolding

peedy royihrap ?ye@downx Y

e SERY el 3 oyegr o - £ N N S B ~AaYyo ( -
1.0 Ll_(’;,.l* oo T 1pe a e 1 “"‘ue .

5100 08 ;i catonel—comntantan ?herwonouples.

oo T
Parned ceanning radionetel (also 10

o

ietes 1 er



Xg;s,__ N

DT AL A S,
; Lﬂ‘h‘ﬂi}ﬂh"’ﬁ.in)‘j ""9(3

HINED IR Ras HA MO ot 252 s PAGE 1 7,04

pIRETE L) uh 6 D-v caloganentt

S‘}”‘l ‘Ih\f_'

- > —

flelding ~?wdins wore poriorT wed €0 drvelop welding and

11ing pﬂauﬁr rore, and 10 uon\?rii“ o offect of ehilling

on v01~*ﬂn pmow<1L14;. 7+ was COUOTSE h&ted trar chilling

{ro~ tlhe tack cide con L€ succes%fnll; u'-ugplisheé ~¢ produce

marked 1o p*o"ﬁwcn,% in prOpPY;ipS. Tacreases up tO 14.5%

in the .1L.1ﬂme tensile stres npth were effocted LY the ohilling
cases po*osi:v YRGU(t101\ to one-ha alf

sy stens peed, Ln sowe
were notede Yors On chilling £rom t‘o brok clde Was ¢iscont rinued

after a decigsion ihat only ctiliing ° rcﬂ the front cide would

be pracitical for the F]ﬁTi*} of profuction weldnents.

PROCE D DURE
Systens ¥ere fabricated ro eliirct gmpingerens of the 1iquid
coO., on the rack side of the weld., Figure 3 shovws & sketch of
a %ypical systen. These systemsS were designed 50 that & series
of jets could be positioned alon; the weld sean on the uncerbead
side of the pancl. e rumter and velative position cf each
jet, a5 well @ orlt fice size, could be varied naking it pOSFlblC
to acjust the amount of COq celivered and the 1ocutxo,v of
jmpingenent. The ject nelder S"Ltem was attacnol tO rhe welding
carringo go that 1T coved along Cwith the welding roret: keeping
the rglwfivr pomiglOP aof ezch *er con:rant vith respect =0
.tno torch along the full length of the weld s€3=. s soecinl
Slexible tublng dplivered toe Tiquid €Ly fyromn The rant.  to the

jet systeve

on the molten ~etal c-uaed defornatlion

1H}iﬂuﬁﬂhdv of CC
ve wald sridertead. Tests Were perforﬁcd

and countanin: :tion of

[l O]

to select veld Locking W@ cerinls that gould protect the under-
bead as well as pernit adeguate Heat tyancie’d for ef{ective
chilling.

cacking materinls {aqvestisated jacluded adhesive and n0%-
adnesive 1788 cape, find coppeT e ab, CORATSE coprey me s,
copper foil =2n’ loindn inil. W aaterisds wWereE cuc into
stivins :p;Xﬁxizazely two inches wide and crsolve inehes leos.
hese stripy Worl (ascened in o ariesover TIC yaderiead side
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Welding Torch
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0.024" Orifice 0.0356"% Orifice
Jet LQ30E& ) l¢L /

J.024" Crifice

Liquid COp Line

Jet System for Chilling
from the Back Side.

Figure 3
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tape Double

of the plate to be welded using adhes .
lass tape)

plass tcpe (adhesive zlass Lape over hesive g
was placed at interva als between the naterials being investigated,
iy

and additional intervals were left uncovered for comparisoen.
, w11 welding end chilling varjatles were kept const

oy each plate th’cknnvv, and macro-sections vere prepared Lo
conpare *‘\o efficiency of each material for heat extracti

£ the cast weld nuggets as showil

cections presented in Figures &

annoars that copper foil rvans{ers heat most
ize of the heat-affected zone

o for the two copper meshes, the

in the phot
through &, 1
0{(lslPPt1 ilowever, itne
reraing CSUOAtidllj the sa

138
coprer foil, the aluninun foll, and the single glass tape.
Final seleccion of double glass tape for the backinz naterial
uae hased on a trade-off of poorer vept transfer efficiency
with recliability and ezsge of handling.

Developrnent of Ueiding and Ch illingy Paranciers

leldin, heat input and COp chilling pa*ameters were varied
to ohtain wvelds in each thickness of each plate alloy which
were ncceptable fron che standpoint of physical appearance,
wihile accomplisgning & significrnn @ an,e 14 tha conling rate.
Liforis were nade 1o DTenare uynctilled welds and ch:illed welds
in the sane meanner S0 that the uuuber oI variatles which might
influance the characteristics of the weld would be reduced

Typical choymal cycle curves showine the changes in the
cooling 1ate and tine &t temperatures above S0(°F are shown
in Figures 7 through 1C.

Trermal patterns f{or selected weld panolﬂ were plo**ed
O

and are shoyn in xogfﬁd1\ 11, By compaxt n of thesz patterns
for chillaed and vnechilled welds, it is apg rent that aud.t ntia
chillin, has been effacted.
apyendix TIT chows calculations r tear input and hea®

f
extractinn for & cories of welds in 2 Tha caleul-
ations show that at cC7 efficlency C
cooling £0 DroaUTE cuencha rates ii

U T r
chanzes in ne all:r;xcal structure.
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-M“‘"","‘:" = T 1ACB-1 .
s Chilling: Liquid CO,
: Jet System No. 1
i i Backing Material:
L — None
i [ N 1ACB-2
LR Bk Chilling: Liquid CO-
. Jet System No. 1
o . P Backing Material:
S 0 Single Glass Tape
- : L SR
| o S —
1ACB-3
Chilling: Liquid CO,
A Jet System No. 1
Backing Material:
lfw . Double Glass Tape
e e T e - TACB-16

PR o L Chilling: None

N o \ - Backing Material:

Tlar o -. None
R, - - e e 1

Figure 4. Efficiency of Glass Tape Backing Materials — Macrosections of Bead-on-Plate
Welds in 5/16 INCH 2014-T6 Plate (3X)
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Figure 6. Efficiency of Copper Mesh Backing Materials —

1ACB-1
Chilling: Liquid CO,
Jet System No. 1
Backing Material:
None

1ACB-12
Chilling: Liquid CO,
Jet System No. 1
Backing Material:
Coarse Copper Mesh

1ACB-13
Chilling: Liquid CO,
Jet System No. 1

Backing Material:
Fine Copper Screen

1ACB-16
Chilling: None
Backing Material:
None

Macrosections of Bead-on-Plate

Welds in 5/16 INCH 2014-T6 Plate (3X)
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Tensile Properties

Tensile specimens were prepared from comparable chilled
and unchilled weld panels. A straight-sided tensile bar con-
figuration was adequate as all failures occurred in the vie-
inity of the weld at values substantially below the strength
of the unaffected parent metal. Welded specimens were
naturally aged for a minimum of one week prior to testing.
Principally "bead on'" specimens were considered as this condi-
tion was selected as most applicable to current hardwvare. How-
ever, a few tests were also performed to evaluate the effect
of chilling on the properties of the cast weld metal. 'Bead
on" specimens failed at the edge of the weld, while ""bead off"
specimens failed through the cast structure. Tables I and II
show the results of these tests.

Porosity

Welded panels were examined for porosity by radiography
and by fracture studies., Table II1 shows a summary of esti-
mated average porosity for unchilled and chilled velds.

All welds contained some degree of porosity. Those made
by one penetration pass without the addition of filler wire
contained relatively small amounts of fine scattered porosity.
Welds made with filler wire contained substantial amounts of
gross porosity. Porosity in 2014-T6 weldments was essentially
spherical while porosity in 2219-T87 weldments was principally
of the dross type.

For these weldments chilling from the back side reduced
the incidence and severity of porosity by a factor of more
than two. Although porosity was above acceptable levels, the
reduction effected by chilling is significant in that a trend
is indicated.

Subsequent studies, performed to determine the effect of
front side chilling of welds, indicated that the high level of
porosity resulted from incomplete removal of surface oxides
from the wire and weld area prior to welding. This was
remcdied by chemically re-cleaning both materials and scraping
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Table 1. Comparison of Tensile Properties of Unchiilled
Welds and Welds Chilled ivom the back Side oy
Liquid CC, - Z219-T8/ late,

‘ Tensile Properties

i
Specinen Test Menilled [ Chilled (lmprovenent

5/16Y - pBead-on vield (psi) 18,20¢C ¢, 30¢ 4, 3
Slrimare (psi)| 36,000 | 37,3CC 3, 8%
% 2long. in 2 4,0 4,0 | C

17,0(¢ 19,C(L 11, 8%
i3] 37,10 35, 3GC 3.2%
mlong., in 2V 5.0 . 4.0 ---

Ef16Y - Dead-ofi

1/2' - Iead-on Yield (psi) 18,000 20,400 13.3%
Ultimate (psi)}| 38,50C 42,000 9.C%
% Rlonz, in &V 4,0 ' £.0 506 %

/2" - Zead-off vield (pei) 17,6060 13, 80C 6.8

Ultimate (ysid] 3¢,30C JE,0LG &, 7%
% Elong, in ¥ 4,0 RN ¢ 25 %




Table Ii.

Comparison of Tensile Properties of Unchilled

Welds and Welds Chilied from the Back Side by
Liquid CO2 - 2014-Te Plate, \
Tensile Properties
. Specimen Test Unchilled | Chilled | lmprovenment
5/16'" - Bead on Yield (psi) 27,900 30, 30C 8. 6%
Ultimate (psid] 42,100 45,500 8.1%
Elong. in 2" .0 7.0 40.C%
5/16" - Bead off Yield (psi) 26,600 29,800 12.0%
Ultinate (psi)] 36,70C 45,0C0 18.5%
Elong. in 2" 3.0 6.0 1¢C %
1/2" - Bead on Yield (psi) 27,50C 31,5CC 14.5%
Ultimate (psi)| 45,300 47,600 %, 8L
Elong. in 2% £.5 6.0 9,.1%
* 1/2% - Bead off vield (psi) 26,860 3C,600 14.2%
Ultimate (psi)] 43,20C 43,00C ---
Elong., in 2% 4.0 4.0 %
* s could not be machined flush due to excessive

‘ peaking, therefore,

Test specimen

hand grinding vwas used,

. PRy - -
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Table 11T,

or: Weld Porosity.

Effect of bBack Side Chilling

e ldment

3ack Side

faterial Test Unchilled Chilled
e /160 2019-787 | x-ray'l (2) D3 LC 51 1C
% x section™” ) 2 1/2
/2" 2219-187 x-ray Y D42 1C D#1 1.C
% x section ™’ 2 1
5/15' 2014-76 x-ray' ) G#3 SI G#l SI
¢ x section™® 2 1
1/2" 261476 X-ray M, G#3 LC G#1 SI
% X section( 1 1/2

(1 NAVORD

welde in aluminum,

-1
.

(2)

t

S
sp

(3)

o

timated percent of c¢r
acimens,

= dross,
= lineal,

G = gas, S =

scattered,
C = continuous.

'I_.

oD 7574 - X-ray standards for shielded arc
ocs sectional area of fractured

intermittent
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t‘xe‘ surfaces of the plate in the weld ‘area instead of wire
brushing. lowever, wo”" on chilling fronm the back side has
ce"n di scontinued, so that it was not evaluated using the newv
l pre-weld cleaning procedures.



Feaeeairol & Darelopmerit

o Sowsabarue baa. F . T

D, CHILLING FROM ThHE FRONT SIDE OF Iﬁgﬁﬂg&gﬂglz

SUMrARY
Devices were fabricated for impingement of liquid CO, on
the front side of the weld, and for protecting the arc and weld

puddle from CC, leakage. A nunber of jet systems and shiclds
with a variety of seals vere used to weld a series of panels

to determine the effect of front side chilling on tensile prop-
rties and porosity. Improvements in tensile yield strength

up to 20.3% were obtained, and a signif{icant reduction in the
incidence and severity of porosity was notec. Chilling from
the front side decreased warpage markedly, and it is indicated
that the concept can be applied to reduce wvarpajge and alleviate
residual stresses in production parts.

PROCEDURE 4ND RES!) I5:

Jet Systems apd Shticlds

Two concepts for applying chilling to the front side were
investizated, The first concept erployed fixed shields to’
prevent CC; from leaking into the arc and the second cmployed

raveling shields for this purpose., For bot!t concepts the jet
systens moved wirh the welding torch along the weld sean,

The fixed shield system is depicted in the sketch shovw i

in Figure 11, The aluminun foil seal used in this s :

not provide 2 sufficient degree of uniformivy of heat

for adeqguate chilling., ..rc disturbances resulting from dra
e "chimney effect" also presented a probdl

his coucept was abandored in favor of the

The traveling shield concept appeared to offer prouise for

effecting the required chilling, but leakage of CO; into the
arc area presented a serious problem. . number of variations
of the Lasic concept were fabricated using several means of
effecting & seal batween the shield structure and the alunminum
plate, Thesc variations are shown in aprendix IV, and a sketch
of the chield u-ilized for the mejor por-ion of the fabrication
of welilded test panels is shoun in Figure 172, Thts shield was

eadel 2 HENIREY
7 SN L O RNy L) o 7
RN W ST RILS HA NO. __2283 PAGE . 1Y.08
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Aluminum Foil

Cryogenic Liquid Jet

3

Adhesive Tape

\7?’ - - — - Aluminum Strip
_ — . .
o7 Welding Torch
- -- A} ¢- - Symmetrical
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Figurell.

Jet System No. 1 fo

of Weldments using a Cryogenic Liquid —
Stationary Shield with Metal Foil Seal
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r Front Side Chilling
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“Aluminum //’”'
shield with  ~N{
Multiple Spring r)() /

qud-down Channel

- Welding Torch
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.

Spring Loaded
Metallic Wool Seal

SECTIONAL VIEW
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Figure12. Jet System No.

7 Jet Manifold

Cryogenic Liquid Manifold

with 7 Jets

 TOP VIEW
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Purge
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Metal
Brush
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SIDE

14 for Front Side Chilling
using a Cryogenic Liquid--Traveling Shield
with Spring Loaded Metallic Wool and Wire
Brush Seal, Helium Purged with Metallic Skirt-
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further mpodified by altering the liquid CU, manifold to increase
the nunber and sizec of orifices as well as their position
*QlaLIVL to the torch to effect various chilllng patterns In
the jet stens used for fabricating panels for ﬂcchan cal tes
ing, llqwxd CUZ vas delivered to the weld area at rates vary-
ing from 1 to %2 1/2 pounds per inch of weld by afluﬁ;?ﬂ?ﬂts of
12 to 14 jet orifices of wvarying sizes in the zanifold.

These jet systens produced drastic cooling of the weldment,
and the shield was reliable enough to pernit woluinv of the
required panels. Lowever, combinations of severe irre"ularlties
on the weld scaw (undercut or highcrown) with variations in
fit-up of the shield to the plate made the shield subject to
leaks, Such lbdkg caused arc disturbances and weld contamina-
tion, resulting in consideralle scrap loss, Suiff{icient time

Was not avallgtle to rectify these shield deficiencies by re-
designing the shield to incorooratp a special fine wire brush
to conplinent or replace the stainless cteel wool. Such a

shield would not only increase reliability, but could be adapted
for warpagze control jet systens

v

Fabricztion of VYelded Panels

illed and chilled weld panﬂls were fabricated to deter-
nine thc cffoce of ¢chilling on porosity and teusile properties.
Identical pre-weld procedures were used for prepariug panels to
be coupared. During the first part of these tests all panpl
vere chenicelly cleaned followed by draw filing of the faying
surface of :the bLutting edues and wire brushing the top and
botton surfaces in the area to be welded. Typical welding
parascters are shown in Talbles 4 and 5. Welds made in this
manner contained a considerable amoun:t of dross. Thexetore,

wire brug . vas replaced by scraping of the top and botcom
surfaces, In order to further insure uniforu processing of
chilled 2nd unchilled weldments, both weldments were made on

the sama panel) f.e., the first half or the panul wes welded
wich ¢nilling a"d the remainder was welded without chilling.

i

Tharmal ¢ycle ter pe-a.q:e measurenents were wken for a point
3/8-in. fro.. rhe weld cenierline for all yveldments., 1In some
cases re-perature measurenents were made for addiztional

e i g - At g e e 24 34

s A, 4
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Mersnl Crcle Lurves
Typical thermal cycle curves for weldnerce nade during the
developnrent of the shielding device are shown in arpendix IV,
Fipures 13 thwough 10 are cramples of these thermal cycle curves
or points at 2/8-inch and 3/4-incl from the weld centerline on
e teriel unchilled
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acrosections were prepared to show clanges e{facted by
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(l:l_;)

Figures 23 and 24 show the reduction in the extent of the
heat-aficcied zone of bead ou plate welds chilled fron the front
side by one of the earlier rraveling shield jet systems.

Figures <% thwough 32 show couparisons of nmacronsections of
unchilled velds and welds in each material and thickuess chil-
ied fron the frout side by various jel systems. :

In most cases che macrosec:lons show that chilling recduces
(e extent of Lo Yeaw-affected zone, and reduces the grain
size of the cas: scracture. The nmacrosec:tiorsalso show
that the desrms of chilling effect is different for each jet
systen, wizn Jot Systen Yo. 23 providing the greatest anount
of c¢chilling in ~ost cases,
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TYPICAL THERMAL CYCLE CURVES 'FOR TWO LOCATIONS ON
12 x 48-INCH WELDMENTS - PENETRATION PASS
1000} 1000
900} THERMOCOUPLE LNOCATED . 9%00fr " THERMOCOUPLEZ LOCATED
AT A POINT 3/8-INCH b AT A POINT 3/4-IkCH
gool FRCM WELD CENTERLINE @ 800 L FROM WELD CENT=RLINE
2
700+ o 700}
a
il
600 L UNCHILLED o 609F
| 9
U A
500 - & 500+ UNCHILLED
L
[\
400 - . & 400 -
v
b
3001 3001
CO2 CHILLED CO?p
200} 200 + CHILLED
100} T 100
2 3 1 i 1 L e S —
-24 0 +24 " +48 +72 -24 0 +24 +48
Time in Seconds Time in Seconds
Figure 15 "Effect of Front Side Chillingz on Thermal Cycle Curves, Jet Systen

No. 14, Butt Welds in

1/2-Inch 2014-T6 Plate.
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Liquid CO, Chilled Weld — Jet Arrangement No. 8

Unchilled Weld

Figure 23,

Macrosections Showing the Effects of Liguid CO Chilling from Front Side of Bead
on Plate Velds in 5/16-inch 2014-T6 Aluminum Made with Constant Heat Input
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Unchilled Weld

Fi gure 24,

Macrosection Showing the Effect of Liquid CO, Chilling from the Front Side of Bead
on Plate Velds in 1/2-inch 2014-T6 Aluminum Made With Constant Heat Input
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Tensile Froperties

Specimens were selected, from chilled and unchilled weld
panels of each alloy and each thickness, for room temperature
tensile tests., The selection was made on the basis of x-rays

hich indicated less than 1 percent porosity. The porosity
rontent was verified by examination of fractures of specimens
broken by bending. A1l specimens were cut to 3/4-in. wide
straight-sided bars with the weld transverse and weld bead
intact. One group of specimens from each panel was artifi-
cially aged to the .T6 condition after welding. All tests
were performed at room temperature.

Table VI shows a summary of averaze tensile values
obtained for artificially aged specimens, and Table VII shows
such values for naturally aged specimens. Test results from
which these tables are compiled are contained in Appendix V.

As indicated in Tables ViIIl and IX, yleld strengths are

substantially inecreased by chilling from the front side. The

greatest increase in average values vas 17.8% for artificially

aged welds in 1/2-in. 2014-T6 plate. Individual maximum test
values show increases as high as 20.3% for these welds. The

reatest increase in average yield strength for velds in ;
5219-T87 plate was 8.8% (for welds in 5/16-in. artificially 1
aged specimens) with increases in {ndividuel maximum test :
values as high as 16.6%.

‘ Efforts were made to correlate strength with effective

' heat input by calculating a theoretical effective heat input

value for the chilled welds using a formula based on a ratio
of the cooling rates affected for each weldment. While a
relationship between heat input and tensile strength appeared _
to follow a somewhat consistent pattern for unchilled welds, .
no such correlation could be obta‘ned for chilled welds. o
Results of calculations are shown in Appendix VI. Undoubtedly

- some pattern exists, but sufficient testing has not been accom-

plished in this project to determine the relationship.
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Table IX, Optinum Jet Systems for Improving
Tensile Strength - Froat Side
Chilling.

in

Increase in Increase
Weldment Post-weld Chill ave, yield ave. ultinate
Material Aging System strength strength

[N

e -}

= /160 2014-T6 artificial 23
Natural i

1/72Y 2014-T6 artificial #18 17.8% 0,6%
Natural ' 4

5/16Y 2219-T87 | artificial #19 8.% 1C.7%
atural #2723 2.6% 2.6%
1/2v 27219-187 Artificial #19 6.47% 4, 3%

Matgural #18 7.7% 2.7%
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Porosity
Conparison of X-rays of tte initial series of welds chilled
P 7 : '
froun the front side (Ses note (4) Table X with unchilled welds
indicated a marked decrease in porosity for the chilled welds.
2 ;o contained extensive areas of gross

A namber of unchilled we
: £

porosity, while noune of

small amounts of scatter

a
1ds
the ctilled welds contained more t“an
ad porosity; and in most cases,

e

porosity indications wer entirely absent These results were
reasonaibly Conrs 1s_ont for weld panels in Joth plate materials
in each thickness (2014-16 and 5219-TR7 in 5/16 and 1/Z-inch
noninalj. -vaoxlmatelv &C pe"ﬂon of the unchilled weld -
samplen conut ained porocity ranging frow 1/2 to 20 percent of
the cross sectional area, while more than 90 rercent of the
chilled welds were free of porosity.

yYorosity in the unchilled velds in 2014-76 was essentially
spherical, while porosity in the unchilled welds in 2219-T37
was in the form of agglomnerated oxide. Figure 33 shows photo-
graphtic prints of portions of typical X-rays of unctilled and
chilled welds in rays of welds in
s of

2-oinch 2014-T5 plote.,  XH-
i

1
5/1f-inch thiek plate and in both thicknesses
im r

In subsaquent
mination of poresity t
naqa hoen welded so that

1

series of experinent samples for deter-
ty by X-ray were taken fron weld panels vhich
v a21f of the weld lenjth was ctilled by
1 1
4

“

FERS

L : Pl 1. . -~ 1 - Fes . X 4 L I ~l. 3 :
1 iTquila COZ and the other nali Was we 1licd wiogout Cni 1 10
-~ HES - - - - - Tae v — .. a1 o Sy
Spacirens frow each hall wer sracturad by bending., The irac-
e T

a r
tyuras of tensile specimcus were oxamined For porosity.
7

Resulrs indicare that the incidence of porosicy i3 vreduced
Ly draw £iling and by cailling (3ae Taxle X ). Chilling also
apjeare to reduce poro osity gire. In sone cases Cly leaked into
ste arc while the chilled portion of the panel was being weld ded,
which “155t account for the porosity in those welds, Caures
for porozity in the other welds have not heen determined.
Althou h the rvesults on this series of welrents are not
entirely definivive, the indications combined with results on
previous series would appear to warrant the conclusion that
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Estimated percent of cross sectional arca of

specimnons,

D = dross,
'L = linegal,

GJ

7574 -

7

v

G = ¢gas, S

X-vray standards for

= scattered,
C = continuous.

shielded

I

32

r

= inter

arc welds

actured

i

/

/

¢

mitt%nt,

in

Chilled and unchilled samples are not welded on the same panel.
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11ing appreciatly reduces the incidence and severity of
porosity, TFurther experimental work is needed to stati
substantiate these conclusions on a quantitati

ative basis,

Seversl paunels fatricated by chilling {rom the front si
cined essentizlly flar after welding, exhibiting almost

tudinal bow or peaking, bncxllled weld pa~91' have c¢o
talqed a longitudinal bow up to 1 1/2 inches and peaking to
-

A
degrezs, depanding upon the amount of heat input. Figure 34
r els.

shows a comparison of warpage in chilled and unchilled pan

Yhile rio attempt has been made to develop optinaun para-
meters for warpage contrel, the panels velded to date indic
clearly that the concept of chilling with cryogenic liquids
during eldirng is amenable to ellw1n3t10n or reduction of

also follovw tihat if warpage problems ca

3
3
b prlication of this concept, it might also

be alleviated by

warpagze., It shoul:
a
be a solution to re

PAGE 1V,

esidual stress pioklems in welded structur

istically

de
no

In=

1C

n

es,.

S
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y. DISCUSSIOR OF RESULLS

Cnllllng of weldrnents by means of cryogenic 1iquids offers
advantages vhich may not bte aprarent from a cursory comparison
of results of this progran 1t‘ welds made on othev progyams at
different heat input 1ov0110 nlthough it might re possiulo to
roduce welds at lower levels of heat input tnan was used for

i

at. low

the welds in this progran and thus atcure comparable erenbth
‘er

ﬂprovemont oV hinn heat input weld such low heat input
welds can lead to v*% deflects AaS ntcvuiL"enL lack of pene-

tratxon or lack of fusion. In order to keep heat input low,
such welds will have to he made by multiple passes and will
reguire precise control which w111 jncrease the cost.

hilled welde may te made at a much higher heat input,
alleviating thece problosu, while achiieving equal or better
results,

While chilling did not pliwxﬁ te povosity, there WAas a
strong indication that the extent of the pOFOCik wvas consid-
erablj reduced., In many Ldo?o such a reduction micht mean the
difference betweern acceprance of the weldnent an
expenslive part.

o]

More nearly unldlrpctioual s0
chilling the weld 5

jdification is pronoted by
Z 2
conducive to reducing

¢ therefore TOTE

2 pnrc:i*v and producing a berter netal-
lurgisal strucinTe. rowever, 2§ experimnents on chilliny from
the bnck side ware Aiscontinued on the basis of bheing difficult
to apily to the majority of welded structure, t=e full poten-
tials were not inv stizaited.

Chilling from the front side aprarsntly zlco reduces
porosity and does not adversely affect nmotallurgieal struzture.
I+ is believed that the fast cooling rates are responsiile
foy inhihiting n aucleation and growth of porosity, as wvell as
for reducing grain size co that adverse ~etallurgzical structure

is not procu*ed.

:1.2\4311&&6;)1&:% HA NO 2283 PAGE V.01_ .
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vi, CONCLUSIONS
Tensile properties can be 1mproved and pnvosity can be
reduced by properly controlling tine- emperature rvelationships
during the welding prozess.

‘ Use of cryogenic liquid jets as a means of accoaplishing
the required control is feasitle. l.im ited experinental dev-
elopnent perforiaed in this progran reculzed in iaprovements
in yield strength up to 20% for welds chilled by liguid carbon
dioxide y with reductions in porosi?} over 10(% and drastically
reduced warpage. Further work is warran: ed to ottein s*ntibfi-
cal data and to refine the concept preparatory to its a rplica-

tion to production welding.
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PAGE VII.01_

1S

Lt is recommended that further experimental work be per-
forned to establish the limits of the concepts for improvement
in properties of welds on & statistical basis and to provide

sufficient

information for developuent of criteria for equip-

ment, instruanentation, and procedures to be used in application
01 thue concepl of welding of production parts.
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CALCULATICH QF TARGET TiHRMAL PATTLRUS

Prelininary work conducted by NaSa, .nt sville (1) on
tine-temperature coantrols for welding 2215 aluminun 3iCuLPd
that it is desiratle to achieve a peak temperature oF 15¢0°
in the weld, and to limit the time at which the weld is above
450°7 to a ﬂaki"un of 16 ﬁ;;ozdu. These ceriteria are undoubt-
edly closely related to values 3 ich will proiote part 51
solution treatuent and p“e'aat gross overaging in critica 1
portions of the weldment. For proper snluflo“ treatment and
aging r snow" , the quench rate from 1CCG°F should be on the
order of 1¢C0F/

1S
T

1T

sec. bt temperatures above 4C .GOF, overaging
becounes increasingly repid as the annenling tedperatiis
(775°7, is npproached,
The first step in this program was to deternine whether
thore eriteria are within limits vhich ecan be practically
accomplished, using special methods of heeatv extraction.

A conrideratle amount of work has hesen performed by various

researchers to develop rrecise foriulae to calculate heat

flovw and *h@*wal patterns produced by fusion welding. Due
rumt of intev-dependent variablec, it has becone

o ues approxi-ations whilel have bee* verified

formulae N
rak temperatur
T T

the expe
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The following
equations (1) and

(a)
(b)

()
(d)

(e)

*»¢0o0ling

o rate on the welded centerline (and immediate
heat-affected zones at temperature 1) in 9F/scc.

ty in Btu/in.sec °F

thermal conductivi
’ . s 4 .3
density in 1t./in

specific heat in 3tu/1LOF
arc travel speed in inches/sec.

late thickness in inches

)

at source in 3tu/secc., (amps x voltls
ciency/360C),

remperatuge at which the cooling rate is to be dater-
mined in ~F,

m

s I ._ O
the initial temperature of the plate in T,

-

peak teaperature at a distance ¥ from the fusion
weld boundary in °F.

of the metal in °F.

f-f-

melting po
the distance from the weld fusion boundary in Inches.

assumnptions are included in the derivation

(2

D )

Urf

f)..’ﬁ

the heat flow is two dimensional,

the heat losses thrvouzh the plate surfaces are
neglected,

the heat source is a point,

the temperature at a great distance from the point is

unchanged, and

the physical propertics of the material are constant.

R
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Using equation (2) and assuming that the optimum parameters
for welding 0.50 inch thick plate are 400 amps, 12.5 volts and
arc travel speed of 10 inches per minute, the approximate time
for cooling through a 500 degree temperature range is calcula-
. ted as follows:

K = 106 Bw/ft. hr.°F = 100/12x60x60 °F = 2.3 x 10~3 Btu/
in.sec.oF°

P = 0.090 1b/in.3 = 9.0 x 1072 1b/in.3
C = 0.25 Btu/1b.%°F = 2.5 x 10" ! Btu/1b.°F

2 KPC = 2 x 3,1416 x 2.3 x 1073 x 90 x 10°2 x 2.5 x 16-]

: -4 _Btu 2 1b.
3023 x 10 (T op

q = 400 x 12.5 x 3,413 x .75/360C = 3.55 Btu/sec.
v = 10 in./min. = 1.65 x 10"1 in/sec.

t = 0.50 in. = 5 x 16°! in,

vt 1.65 x 10°1 x 5 x 10°1 | ‘
g ) 2= ( 355 ) 2 = 16.75 x 10-%(in%/Btu?)

‘-TO)S- (1060-500)3 = 0,125 x 10° (°F3)
R = 2 kPC (X52(11-To)3 = 3.25 x 1074 x 10.75 x 16°% «
q .
0.125 x 10% = 43.7 °F/sec.

Since this cooling rate & less than one-half of the optimum
rate, the additional heat extraction accomplished by the
liquid cryogenic material must approximately equal the heat
extraction provided by the plate itself, which in turn is
equal to the net heat input from the welding torch.

60 E I 400x12,5
qn_“‘—_-'—

vt 10 x .50 = 60,000 joules/in./in.

S A AT IR HA NO.__2283 = PAGEA.L.03
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The latent heat of liguld CO,
70°F is Approx xinately 149.1
o
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to
joules/lu.

or .76 1%./in. for 1/2" material
At welding speeds of 1( inchies per minute, this cdelivery of
liguid CU, can easily ove accomplishad.
o~
Un the basis of these equations, calculations were made
for peak temperatures and schematic thermal patterns were
dravn.
The equation for poak temperature {equazion (1)) has been
verified by experimental vork (Ref., 3) and restated for welds
owe :

in 1/2Y ¢hi

T‘p:io = }‘0'58 E T,

¢ aluninum plate au Foll

1CCL tyv

+ (.82

¢ = plaze thickness in inches
r = distance {fron the weld centeriine in in

pil

v = arc itravel spoed 11 1ncaes pevr

{

current in

veltage

Substituting sore solec*pd va
Figure 3’ was drawn co indicaie peo
e expected in the weldqenm in 1
scheinatlie target tiernal patrvern
Figures 3. and 27, :

wes tor wvelding pevanet
1k tewpevatures which

/0 thick aluninun

hes are shown

sketci ia

e
mi

plate,

r

N
s
AN

("v




.l'p = Peak Temperature, °F

| \\
N\

300 _ filastan |
\&. ‘\\\\\ o -
-200 \\\\ / Taz 100F

A

e e
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Ref.(3) C.M.Adams,Jr., MIT,(Weld Journal,

May 1956)
1800 - p—i- 1000y ¢ (lQQQ&IX) + 0.82
* Tp-To ) EI i :
1700 -}———1 Tp = Pcak temperature of plate
To = Initial temp of plate (-200 to 600F)
1600 - ———1- t = Plate thickness (1/2 in.)

= Distance from weld centerline (0~55
= Welding speed (20 ipm)

r
1500 -{}—m—+ v
E = Welding amperage (400 amp)
I

1400 -1 - = Welding current (125 volt)
1300 - V\—m 1 For values indicated in parentheses above
) - _300 . _
1200 MW\ —o L r = Tp-To -.25; Tp = +. 2 + To
1100 -fi\\- =
1000 -|
900 -
800 S |
700 - | | ~To200F
' r\\\.\A ] / - -~ -
. L - Tor S99F
¢ B Forxdfcof~
500 ,57/‘ —
\ } To2300F

. L

P e
\ i

e} o —— e

\

100 N S — ~Tex oF
T = A '
0 1 3 3 4 5 -4

r = distance from weld centerline (in.)

FIGURE 35 CALCULATED PEAK TEMPERATURES
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SCHEMATIC FOR TARGET THERMAL PATT ERNS DURING WELDING
1/2" THICK ALUMINUM PLATE (TRANQVERSE SECTION VIEWS)
. Temperature Distribution at Various Time Intervals ;
‘ ‘ After-Start of Welding . ' .
. \35 Q. | ;
\ 14 ' / . :
;x\ '\<// / X 1/2" ahead of arc - start h
x XX K %%

C .
\(C cC)Q U
N :’v'\// '.'. / Xﬁk .
N Nk y /H at center of arc - 1 sec,
)K\ \' v / /l 4
XA A\ - ;(x .

G ¢ .
\0& b\)& \Q(
T

, Q :
4 7 LAY A AL
\ \~;.ﬁ%‘,'/ / 2" behind arc - 6 sec.
KKXX \": /a '/ ,(xx'( . R |

/

o BN o | /
N S /
- .~ \Nt'L s —_ 4" behind arc = 12 sec.
X x AR — X _
X X XN Sl R X % X
ACC
—_— Tx o T X X 6" behind arc = 18 sec.
% X XX x> . X X X Xy
X X KK R R AKX KK XX

_ | FIGURE 37 - SCHEMATIC FOR TARGET THERMAL PATTERNS (2)
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Figure 42 .

Thermal Pattern for Weld Panel Z‘
No Chilling, 2 Inch 2219-T87




2 CHILLED, 5/16" 2014-T6 PENETRATION PASS.

‘RN FULL SCALE
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Figure 43 . Thermal Pattern for Weld Panel 2
CO. Chilled, 3 Inch 2219-T87
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Figure 44. Thermal Pattern for Weld Panel 2

No Chilling, 12 Inch,2219-T87
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Figure 45. Thermal Pattern for Weld Panel 2AC
CO, Chilled, & Inch 2219-T87
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CALCUIATION OF THERMAL BALANCE

Table XI shows a calculated estimate of cooling avail-

" able for altering the thermal pattern of welds chilled by

liquid CO,, using the heat inputs shown in Table XII end

the first jet arrangement investigated with a double layer of
glass tape on the back side of the welds (Table XIII).

From these figures, it appears that a substantial amount of
cooling is available for quenching. For the 5/16" plate,

5.6 Btu/in. is available. This would be sufficlent to

reduce the temperature of a one-inch square portion of the
plate agproximately 800°F (using a specific heat of 0.25
Btu/1b/°F and neglecting all other heat transfer); for the
1/2-inch plate the available cooling (9.0 Btu/in.) could reduce

the temperature 825°F.
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TABLE X1

ilahle_fo r_i\_LLn.dkng__tbr_Ih.m.al
cld Panels Chilled by Liquld CU2

Weld Thicknéss In
Pancl (4nches) (BT

1Al 5/16

1EC1 5/16

1F2 1/2

1DC3 1/2

leat |Coolinz Provided by Liquid CO (BTU/infﬂ
put (1) [otal Frovided|Ahbsorbed in | KvaIIaB[e(ﬂ
u/in.)| €50% cffic.)? | Forming Bead®| for Quenching
22.2 none - _——

31.1 14.5 8.9 5.6

36.4 none - ———

44,1 16.7 7.7 9.0

60

x £ x1 . 9.48 x 10°% (See Table 12)

(1) Heat input =
(2) Calculated from

(3) Estimated from t
tape.

\")
vendors data (See Table 13)

emperature measurements through backing

(4) Calculated by subtracting the heat input required to effect

penetration in a
to penetrate a C

A unchilled weld panel from that required
hilled panel.

(5) Calculated by subtracting the cooling absorbed in forming
the weld bead from the total cooling provided.
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TABLE  XII

Heat Inout_{or the Ven atratjon Pass in
Unchilled and Liquid COp Chilled Weld Panels,

. 5/16'" and 1/2" 2014-T6 Plates
Weld Panel | Thickness | Chilled Weld Heat Input(
__Number (4nches) _Paramgterns (BTU/in)
1A1 5/16 no 250 amps 22.2
14 volts
9.0 ipm
1EC1 5/16 yes 235 amps 31.1
: ' 16 volts
6.9 ipm
1F2 1/2 no 300 amps 36.4
16 volts
7.5 ipm
1DC3 1/2 yes 310 amps 44,1
‘ 15 volts
6.0 ipm
60 x E x 1 -4 /
(1) Heat input = x 9.48 x 10 BTU/in.

v

t——— e ama——
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Jet (.014" orifice)

TABLE  XIII

Heat Extraction fxpected by Ligquid CO2 Chilling
Durinns Penctrvation Pass of Weld Panels in
in 5/16" and 1/2" 2014-T6 Plate

< Weld Torch

_.-— Backing Material

ﬂ//’
//u//,v”fﬂVﬂﬁr‘<;-_£L ~  Jet (.024" orifice)

#bv““-Liquid CO2 Source

Backing Material No, 1: Adhesive glass tape over

non-adhesive glass tape.

Liquid CO, at 300 psig:

Latent heat of vaporization plus sensible heat at 700F =

15C BTU/1b. (Approx.)

Delivery Rate: .014" orifice = 22 #/hr. = .N061#/sec. =
.918 BTU/sec.
.024" orifice = 58 #/hr. = .2161l#/sec. =
¢ 2.425 BTU/sec.
: Total = 80 {#/hr. = .0222{#/sec. =
3.343 BTU/sec.
Total (at estimated S0% effic.) =~ 1.674 BTU/sec.
Weld Panel Ixavel Chilling Available
No. (ipm) (sec/in.) at S0% <ffic, (BTU/in)
1EC1 6.9 8.7 14.5
1DC3

6.0 10 16.7
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DEVEIOPMENT OF C?z SHIRBL NS TUR

-arionayy Suields fox Fromd Side Chillingz

.
1
e e

[9)]

reve

‘he first concept tricd for apjly 11qrid cG chilling
to tne front side of ihe weldnent onsisted of twd '1U“ixuﬂ
divider strips fixed irn place on cach side of the welding
torel parallel o the well sean as shown in Figure 46. o
metallic foil, fastened to the dividers, was used as a Ssc
to prevent COp from 1eaking into the arc ared. The 1iq31d
CO5 jets were positioned on the outer =ide of euch divider,
and Travelled with the welding torch. This concept proved
effective for preventing interierence with the welding arc,
but did not result in adeqouare chilling of the weld.

al

D

Traveling Shield vit ULL shoe

oning of liquid CU,; jets on or
near the weld head immediately after velding, a’
device such as shown irn Figurve 47 was 1atrlca ed, The alun-
inum foil seal o prevent the CU, from enter ing vhe arc area
was fastened to the alumiaum shi i 1
a “shoo' which was dragged benind the shiel ¢
the liquid ‘:x? jets v vere dirvectad. althoug! cre
ino was obtained usin5 +his concept, it vas 11 exkremely
inefificient due LO SdLuLiOl pzob,co‘ by 5il dnd &ir
layer between the CL,.jets and the weldment. #» turther
dlodd"an,a'P vas that aluminuas foil was noc suificiently
strong, and tears developed when traveling over rough portions
of the weld bead, causing leaking of CU. into the welding

"In or2er to permit positi
el

eased chlll-

£
«

> Y5 z
arc.
Travelingy Shicld wich skire

ned, of course, wien the

Rest hear:- transfer is obrai
liquid CO., jets impinge dircetly on the weldment surface.
In order to accoaplish direct ianingement, the shielding
device shown in W‘*’le 48 vas fadrlcabed This system con-

sists of an alusinum shield with a liquid (O, jet ?6?1;01d
on the side cpyosite the torci. In order to prevent CO,

n»)uﬁ\ﬁdkh HA NO. _5Z83 PAGE .=+ +¥.CL




Aluminum Foil .

—Liquid COyp Jet System

Aluminum Angle

////“Welding Torch

A

Q.
<

¢— - Symmetrical

Sketch of Jet System Arrangement
for Chilling Weldments from Front Side
using a Stationary Shield.
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R, et R,

“{”—" ys " Aluminum Foil Shoe
P T e . N
/' ,- - Aluminum Shield
| . /
' . ' -~ Cryogenic Liquid Jet
_ / yd
/
= L ///~_—~ Welding Torch
L — = =\ p
SRR DR B - - :, — ¢ Symmetrical

FRONT VIEW

TOP VIEW

Figure 47, Jet System No. 2 for Front Side Chilling
of Weldments using a Cryogenic Liquid —
Traveling Shield with Metal Foil Shoe




~-- Cryogenic Liquid
- Manifold with Jets

Flexible Skirt e

TOP VIEW

Flexible Skirt

— —
’_‘1'\
SECTIONAL VIEW SECTIONAL VIEw'
FRONT ‘ "SIDE

Figure 46. Jet System No. 3 for Front Side Chilling
of Weldments using a Cryogenic Liquid —
Traveling Shield with Flexible Skirt Seal




——E

Y

IR VAN

T G N RN PR .
A D RO RIES) HA NO 2283  PAGE.:, 111.0
R SGBEGRITIL & Do ve.oprnent

TR &'

PRt 2 Teacte. A PR IV )

from leaking into the arc area, s skirt which drazged on rhe
surface of the welduent was atrached to the aluninum shield,
Several materizle vere tried for the skirt, including gplass
tapc, mylar strip, thin cteel strip and thin copper strip.
Glass tape and mylar strip did nof successfully withstand

.the service conditions of extreme neat and cold along with

alyasion. The metal strips possessed sufficient properties
to withstand the environment, but were not sufficiently flex-
ible vo conform to crall irregularities in the suprface of the
weldment, permitting CUp to leak into the arc.

Traveling Shicld with Skirt and llelium Furge

Svstems for purging COo fron the arc area were devised,
as shown in Figures 49, 20, and £1, The {irst concept (shown
in Figure 49) purged only the back end of the shield, It was
noted that a draft was created in this systiem, which caused
air to be drawn into the Aarc. 4 rinz-type helium purge mani-
fold Lshown in Figure 50) was then fabricatad to prevent
introduction of air, bLut 2l1so resulted in arc disturbances.
It was thought that the individual purge jects caused eddy
currents and turbulence, and ths bell-type purze (shown in
Figure 51) was used. While this systen appeared to purge
the CO, fron the weld area, oXirene arc instability occurred.
The reasons for this jnstaiility were not deternined, and
riod to develop a

e

8]

rather than devotc &n extended Study

I 4
detailed anzlysis of jas flov, the helium purge technique
nas been sot aside in favor i developing & aetallic wool
seal,
Travelin- Shield wiﬁQ_ﬁe;gl}}gwﬂgnggggl

The shield used for helium pury,e technique Was nodified
by rvemoving the belium manifold and addéing 2 flange {(nhalf
tube) around the lower edge ol the shield to contain a roll
of metallic wool as shown in Figure 2. Steel wool peviormed
quite well tut vad a tendency to "bural and "mat dowa' behind
the avc. Fine bLronre wool {ndicated better reslstance to this
tenderncy. Satisfactory Laad on plare welids warse made vith
this sy%teﬁ, Lut the need Cor {ereaced chilling was fhdicatad
by the steral cvele Tur VoS and macroseciilons af tead on plate
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Aluminum.
Shield

Steel Wool —

Glass Tape_§éa§

ﬂ¢j7rr1Jr1-wﬂf%p

{

q

SECTIONAL VIEW

FRONT

Figure 49,

. Cryogenic Liquid Manifold
with Jets

— Helium Purge Manifold
with Jets

TOP VIEW

o

-
—

teel Wool/ / .
Glass Tape
SECTIONAL VIEW

SIDE.

e — L

Jet System No. 4 for Front Side Chilling
of Weldments using a Cryogenic Liquid —
Traveling Shield with Helium Purge Manifold




| SO

[ | i 4 i . -
[ | ) l 3 ‘ ‘ I i i i i ‘ - ‘ i~ i 4 3 I i | W | L : | o 3 .

- ~—-— Cryogenic Liquid
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t to obtain a higher order of chilling,
the liguid CC, manifold was then modified by adding two add-
TR ~ r-‘-' T .- v \Y - - L'-' T
itional orifices (Jet System Yo, 8) as shown in VFigure £3.
Comparison of typical cooling curves and racrosectlions shows
that modification of Jet System lo., 7 by adding two more jet

velds, In an attenp
¢

J

‘)”‘l-l ces did rot appreciably affect the ct 11111'1'* It was
i

letermined that addition of these orifices reselted in a pres-
sure drop in the liquid CU_ line below the inlet solenoid
which, in combination with?the pressure drop between the tank
outlet and the manifold solenoid, effectively delivered approx-
imately the same amount of liwuiﬂ €D, to the weld area as Jet

System Wo., 7. It was found that by by-passing the solenoid
too much pressure was celive reé to the CJ‘lllﬂd jets. This
pressure was reduced by changing the outlet orifice of the
liquid GO, tank from 3/8" to 3/64"., At the same tine, tvwo
additional orifices vere added to the jet manifold in a posi-
tioni slightly ahead of the arc ia an effort to increase the

weld coollng gradient, TIhese modifications resulted in Jet

System Yo, 9 which is shown in Figure £4. This systen prod-
uced greatly increased chkilling as shown by typical thermal

cycle curves. Macrosections of tead on plate welds in 1/2%
plate verified the increased cooling.

Although Jet System No. 9 was capable of producing accept-
able welds with a high degree of c%illin;, it was quite sensi-
tive to sharp surface irregularities on the plate or weld bhead.

In order to provide a seal which would confornm to such

b
the metallic ool over the weld seam area was develope
Crganic tristles would nor withstand the heat from the weld
bcga, and PUL***19 metal tristle brushes were not availatle.
1t was, tn?reFOfe, necessary to fabricate a semi-circular metal
backed brush apjroximately 1 1/2 inches long and containiny
.005-inch stainless stecl bristles aprroximately one inch
long. This brush, when inserted in the back end of the trail-
ing shield as shown in Fijure £f, was flexible enough and

sufflciently dense *o confown to irregular weld bead contours
and prevent gross leakage of CO, into the arc area., There
was some evidence, howL" r, nf minor lea%s, and these vwere
thou:ht *o ke due to non-uniform pressure of the stecl wool
seal azsinst the weldnent surface resulting from local varla-
tion in the density of the steel wool 'roll'.
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To overcome the variations in density of the hand-rolled
steel wool seal, a concept for spring loading the seal at
intervals of 1/2-inch was devised., The half tube holder was
removed from Jet Systers No. 10 and replaced with a one-inch
deep channel into which 1/2" and 5/8" No. 4 springs were fast-
ened as shown in Figure 6.

While spring loading of the steel wool appeared to provide
a seal of more uniform density, it did not have the required
flexibility to fill in depressions and sharp discontinuities
on the surface of the weld tead. Therefore, the wire brush
used in Jet System No, 10 was adapted for use on the new system
as shown in Figure 57.

On a high percentage of the trial runs, this shield per-
formed satisfactorily. In order to attain increased assurance’
of completely eliminating CO, from the arc area, a helium
purge was provided through tfie steel wool shield as shown in
Figure £86.

To provide more abrasion resistance for the steel wool
seal and to direct the flow of the helium purge away from the
arc, a copper skirt was inserted in the shield between the
erc and the steel wool, as shown in Figure 12 in the body of
this report., This jet system performed satisfactorily on
repeated trial runs, and was, therefore, used to fabricate
CC, chilled velded panels for mechanical property deterwminalioas,

Figures 59 through 63 show typical thermal cycle curves
for 1/2" plate, illustrating the charges effected by five of
the jet systems. '
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Wool 7 Jet Manifold




T

L

bt hod b bed bl

D

[ N . PR —_— e e e e e

-~ Cryogenic Liquid Manifold

Aluminum —_%~ﬂ\ &;/, with 7 Jets
Shield with ‘\;\') '
Multiple Spring

Hold-down Channel 4

TOP VIEW

FRL}

SECTIONAL VIEW

Figure'7.

Metal
Brush

SECTIONAL VIEW

FRONT SIDE /

Jet System No. 12 for Front Side Chilling
using a Cryogenic Liquid--Traveling Shield
with Spring Loaded Metallic Wool and Wire
Brush Seal - 7 Jet Manifold

T A v st o S s



e e e i AR a1 s Dt e v st eraaes sn I

—

Aluminum ya Cryogenic Liquid Manifold
with 7 Jets

Shield with ~—
Multirle Spring;ﬁ\\&§
Hold-down Channel C)()\\

TOP VIEYW
~~——— Pressure
~1 \ Bar ey
= Slid
\\\\\ gv

Spring Loaded —_— Metal /
Metallic Wool Seal Brush .
SECTIONAL VIEW SECTIONAL VIEW

FRONT ‘ SIDE

-

Figure 58. Jet System No., 13 for Front Side Chilling
using a Cryogenic Liquid--Traveling Shield
with Spring Loaded Metallic Wool and Wire
Brush Seal, Helium Purged - 7 Jet Manifold




1 °ON wa3isdg 3or
saaan) 2154) Tewaayl uo SUuFTTIIYD 9pIS 3Juoag 3o 309333y ‘65 @2andig

<—— SpUODdS Uy} LWl

91¢ 261 891 771 0¢1 96 ¢l 8y ve 0

— R I i T Rt A DA Rt b TP . ‘-

1}

00¢
00Y
006

009

- 00¢

*LAdNI

IVIH FWVS FHL HLIM 3AVW 3¥IM SATIM
QAdTTIHONN OGNV QJTTIHO HIo€ *31Vid
WANIRATY Z2/1 NI SQTdM IIVId NO avid
JO INITYFLINID dTdM WO¥I .8/€ INIOJ
V ¥0d SIAYND JTOAD TVWIEHL TVIIdAL

008

006
0001

‘dgy - Panjeaadwag



_‘

*Z °*OoN w23s£S 39
- soaangy 104D TeWIaYL uo SUITITYD 2PIS 3IU0a3 30 3293337

—— §pUOD3§ U} dWTL

91¢ Z61 - 891 771 021 96 ZL
R T L \ L | eantetnaand Sttt Yo
—_—— .
P21114D -
"l’l"”"'l e e —
B L G 1 T M — .

*LNdNI

LVIH ZWVS FHL HLIM JAVK JYIH SATIH
GITTIHONN ANV QITTIHD HLOY “H1V1d
WANIWATY Z/1 NI SQTIM JLVId NO dvid
JO IANITIFLINID dT1IM WOIJ u8/¢ INIOd
vV 304 SIA¥ND JFTOAD TVWIIHL TVOIdAL

‘09 2an2ig

8%

-y -

e

e -

—_——b

001~

001
oom
00¢
00
00$
009
00¢
0cs
006

0001

'jo - 2anjeaadwal



e ssnt” b L e e 5 it N

e e

et e N+ = e

-

[ °OoN we3sfs 3°[

‘dg - 2anieadduo]

- mm>usu 2124D Haeuosw uo SUFITIYD @p1s 3uoag 3O 303333 19 2an21d4
<«—— SPpuUOddg Ul Suil
91z = ¢61 891 791 021 96 YAA mq NN 0
T 1 T 1 T \ ! . N
-001-
40
P—
-001
P2TI1I4D 1002
-100¢€
Pa111youpn. — 100Y
y - 006§
<009
*INdNI IV3H IWVS FHL N 100¢
HLIM IAVW FYIHM SATIM QITTIHONA . : . |
GNV d3TIIHD HIOE “3ILVId WANIRATV 008
wZ/1 NI SUTEM dLVId NO avid 40
ANITYIINAD 413K WO¥d .8/€ INIOL V <006
¥O0J SAAYND FTIOXD IVWHAHL TVOIdAL
10001

® @

e BN se T s DR o T o TR cn T oo T o TY _
AR B i o ! r A T A | St | Qs em M e ey




*(@3e1d w2/1) 8 ‘oN wa3sdg 39r
- S2AaNn) 271247 Tewaayl uo JUuITTIYD °PIS 3Iu0ag jo 302333

- 4—— SPpUOD3IS UT DU

91¢ ¢61 891 VAAL 0¢c1 . 96 A4 8y
§ 7 T | T il hdathin it S |
PeTTIYD ’ . \
/ \
tmﬂdﬂ£OCDllfi!;ll!lllll \ va
——— , .
. /Iolll /II /.,. . !

: *ILAdNI LVIH

JWVS FHL HLIM FAVW F¥EAM SATIN AITITHONA ANV
GJTTIIHD H1I09 “HIVId WANIKATV- wZ/1 NI SATIM
JdLVId NO avdd J0 INITYILNID QT3IM WO¥d w8/€
INIOd V ¥0d SIAYND FTOAD TTVWHIHL TVOIJAL

o | {

1 | = ~ F ) e | ™ | i | | g "

*do - 9anlevaoduway



| nt— Bl | ™ s e | i | | s | Pt - | e d pr— | atatane: e e

. : 6 °ON wo3isdg 3of :
— s2AIn) 194D T®Wioyl uo SUITTTYD °PTIS Iuoxg JO 328333 < ¢92andid

. SpuUo2®ag U} Swil .
4ww - 0c1 96 L 8%y w0

B e Rl Rt DL Ll R kR N

otz eel 831,

| — -0
e e e mm ¢ emee e emmme = L - e Smseiecmee . JOOﬁ

_,* ._oom

e | \ | 2 00€
PSTTIYSUf T SR _ r

T < 00%

006

- 009
*INdNI LV3H i

AWYS THL HLIM FAVH I¥IM SATIM AITTIIHONN ANV -00¢L
dITTIIHD HIOY “JIVId WANIKNTY .2/1 NI SAT3M w

FIVId NO Qvid J0 INITEIINID QTIM WQHd u8/€ - 008
INIOd V ¥0d S3A¥ND TTOAD IVWIZHL IVOIJAL w

~ 006
|

) 70001

: ‘ Y
_.

'30 - 3danjevasadwa]



S DD AR A ) HA NHO. 2263 TR
IS O IR AT DS 263 . PAGE_ ANV,

for

:ﬂ' ""f.j’:} Feoaaronl 4 Develapment
c}‘iﬁ:uhnm N FDE s

APPENDIX V

TENSTLE TEST RESULTS




& *12ued swes 8yl uc pepiom oaom seidues payTryduUn pue PITTIYD (1)

|
! "95¥SI09p SPIWDIPUL uBs sauly 'TUTTTTYD £q PeIdojye juswanoadul sejesiput udis sN1d (2)
|

: 8°Gy=- || 0°C~ | 1°¢~ | 970~ {S°(+ | €°0- | 0"Z1* (%) @Zueys

w L°1- 0°1- 101~ [ €°0- fite+r | 170- | %°%+ ) — 9gueyy

M 072 S*iy | ST9% | L78% 1 0°5€ | €°G6E | 0°1Y € $313 MIOVI
: Lt S8y 167,y | C'6% §£°9C | %°6GE€ | 9°9¢ 2uoy 9818 MNVI
W g %1~ | 9°6- lzo* | £°3- | 8°9% | 6°G+ | v o+ (%) @8ueyn

| 7°0- G*Z- 1170+ | 0% Z77+ | 671t | GUZ+ dcueyy

| €2 €°%y | 1°C% | G'2% | L79E | 1°%E | v°GC - 61# G018 MIDVI
y L°Z 3wy | 6°Zy | 0°9y j§Ze | 7°2¢ | 6°2€ | duoy 9018 MNVT
A N

! !

| §'GE- | wTI- 1870~ | 87 1= | 9tsr | 9°w+ | LrO1H (%) @2ueyy

| T°1- 0 £°0- 970~ | 670- [ 8°CH | LT1F | 0wt e2uey)

w 0°2 €0y [ 08y | 98y [ 6°8C | £°8C | S°1Y A1 £53 KIDVI
i 1°¢ G5y | v°8% | G'6% } 1°LE | 9°9€ | §°LE SUON ¥63 MOVI

“ d

; §7ze= | 670l- | voor-| sou= Lt | 9t9r | reyH (%) wEueyn

M R 9°%- | L°%- | G°¢€- Q. 9°¢t | zTTr | gtz . a2ueyn

| L°2 1% | 8°0% | 1°€% G798 | 8°6¢ | 6°9¢ B1# 168 MAOVI
| 0¥ 6°S%, 1 G°SY | 9°9% & 6°€€ | 9°¢€€ | v vE SUON 263 MNVI
M VAEYEEETN -1 UTW. | "XeW 7T TaT TX e} STII9d01.

“ % Rt v v W A CAY W H wo1s4S @S mupWQOpA

! uoilesuoTy (1sy) =s3ewllln (Is¥) pI1oix : 1TIU9 Ul scueyn pue
1 - ’ (1) °N a1dueg PI9M
; S @n 1 e\ 2 118 us9 ] |
. *BuipTeM 233V pady ATT®INTII3AV  *23BTd 9L-%10Z w91/G UT

SPTeM JF© ser3jasdoag @11sudl uo ZUTTTIYD OPIS 3uocag JO 3ID9IFI I 2198l




*?sea1dep Sso3BIIPU

T u2ts snuiw ‘2uryyTyd £q poIdajyje usuaaocadul mmumowvcw uZ1s snid (Z)
*Toued duwes 9yl uo papyTom 219M soTdwes pPaIIIYOUN pue PaTIIyYn (D)

§ o071 ¢4

9 T ¢

S 4. o 1

coyl- CUET | pTe+ | €TGH § 8TETH| BTOTH | wUIIH (%) @#3ueyn
L°0- STIH L 9TIH | STZF ) Lwh | 9%Er | OTyF ocuvuy
€y L°8% | Z°28% | STe% | £°8€ | 0°8E | 0°5¢ 61# SEZ3 MADAT
0°S Ty | 979y | 0°L% | 0°%E | w'ge | 0°Ge | @uoy ¥S78 MN4]
0°9- 10+ 1 9%2- | 972+ | v 91+ 9 41+ | € y1+ (%) d2ueyy
€0~ 770+ | TTI- | TTU+ | 6w+ | ate+ | 0°GH 23usyy
LY 9Ly | TSy | 278y | 5°9€ | z°8€ | 0'O¥ 614 £523 MADHT
0°S Z7Lv | 979% L 074w | oTwe | w'ege | o0°sg | euoy 7529 HNG1
0 90+ | G z+ 0 RLI+| Z°91+ | £ 02+ (%) @3ueyd
c €0+ | Z°1+ 0 G°C+ | @°h+ €Ot : efuryn
0"y €Ly | Ty | STLy | vi9E | swe | €yE B4 S68 MIDU]
0"y C'Ly | €C°9% | S°L% |} 6°0€ | £°62 |0°1¢ | ouoy 958 MAMT
A mmwmw>< *3Ay U | Cxeq ‘2AY ‘Ul "XeW | ys3sAs (zyS@1312doag
w0138 uc Ty (F5%) 93TwiaTn (154) PTIX 11180 Ut ozuwyy pue
(1) °N s1dues p1ap

g

™ T ™

"ZutpreM 1333V pe8y L11eIdIyraay
: SPI®M 30 se1jiadoayg @271sual uo 3urTIIy

"21®1d 9L-%10Z2 .2/1 ul
O °p¥S 3uoli 3o 309333 ‘Il 91qEL



*Zuiptem Buianp BOIR DI 03U pIYBIT <00 ()

"2SE2IDVP SI3EBOIPUT UTIs snutm (2urTTIyo Aq pe3deyre juswasoadwul so3ed1putr uis snyd (2)

*Toued owes 2yl uo paprom 219a saydwes PITTIYSUN pue PITTIYD (1)
ST L+ 2= | 1€~ [ 1°S- f 97C+ | Rtet | Lt1k (%) @3ueyn
£°0* 871~ | £°1= 1272~ || 570~ | €71+ | 9°Q* aZueyn
£y L7007 L°0% 2°0% 0°9¢ 6°G¢€ [°9¢ ECH# (£)1318MADVE
c°Yy A 0°2% G°ey 1°6¢ 9°ve ¢ Gf SUON 2318 MNnve
916G+ L70T+) 679+ GT9T+|) 978+ | 176+ 9'91+ (%) @cuey)
71+ €79+ 1872+ | L9+ | T7€F | 371+ | 576+ oZuey)
0°¢ LYY ey STLY S 3¢ 6°9¢ S 1Yy S1# 1€23 MJAIVL
€ ¢ %0y VARA7 8°0% % G¢ 1°6¢ 9°G¢ QUON ZeZ] MOV
G- 9% 1+ | 6°Z- | Lt T Gt | Ui (%) °2usyy
£°0- 970+ L 171~- | 8°ZF | €71+ | 370~ | 9°¢*+ aZuey)d
L°E 0°5¢€ 0" L€ 9" 1% AR 9°0¢ 0°6¢ 61# 018 MIVZ
Gy VAR 1°3¢ 8" 8¢ 6°1¢ VARG 9°c¢ PUOYN %019 MNVZ
VEYAP T
2 Wz UL v *2AV TUTW *XBW *2Ay ‘UTW *Xe < Amvmwwuuwao»m
uoi1leZUOTE (1s¥) =23ewilin (1S3) pPI@lx Emum S ul asuey)y pue
Sso9nJi1Te®A @118 U3®dL7] T1349 (1) ©N @1duwes pyep

*ZuipyeM 1933V pal8y A1IRIOoTITIavV

‘93814 [81-6122 w91/G Ul
SPI®M 3o seor3aedoag ayTsuel uo SUITTIY) @pI§ U0 JO 3I923IT °III 21981




.wmmmhuwv S938EO1

PuT udis snutwm f8ut

*Toued sues

-

L

114> £q psiosjgge Juswaaocadur se3edipur ufis

PITP

SDTd (2)

243 U0 poples a1dm seoydwes palyiyoun PUB POTTIyYD (1)

g o1~ Q7%+ | w0 b gopk | o | 2°6t | 676+ (%) ®5ueyn
LT0- LIS T Sl -2 £ AL S B TR 1°2+ a8ueyn
09 8°9% | 0°9% [ %/% i 9°9¢ | v 9¢ | co/p cZ# 913 MIDEZ
L°9 CSY | S'%% 1 9°6y I 1°6e | 9°wg | wrce suou 8813 MnAz
0°G- HETHE L 0T L Gthe  prgr | pegh S GH (%) @Suweyn
£ 0~ Lo L1+ Q"2+ || 272+ 1°2¢* 51k sdueyn
LG i 9°GY L %Yy G 9%y 0°92¢ 9°qf S 9t 61# YCZe MADUZ
09 Q L€y L OTEY | Cvw & 2°%S | g'ce | 9w auou $GZ9 MAYZ
;
0°G- m L AR VAL S I SR SN B R oG (%) ®Lueyn
Sty P 9TI*k Z°1+ AR N B -L ger- 65° 1+ 23uvyn
L°S L 18y | 2oy | s 3v | soc | zeor 7o LC 214 VZS3 MADuz
0°9 FSTO% | 0T9Y | 9'sv b 1hge | meeg S*ge suou VIS3 MNAZ
| .
o T TS R ) { (] 3 S 5 ry £ T l
A erme<Jﬁr OAY | UTy KEp BAY Uty X ©p] — AN%wwuthOhm
uot¥ePuoty [T (184 BIeTTITA (15%) praix AN uT ofueyn pue
T SO T v ST ISUST TTHD (1) °N °1duesg vamm@
"Zuipien 1831y paly £11eI01313aY "°3IBId [31-512Z wZ/1 ut

SPI®M FoO §913asdoag ag

isudr uo Zuiyy:

Ud ®p1S 3juoag jo 30937334

‘Al °oTqe]

de



-ogeOId8p S93BOIPUT ug1s snulw ¢2uttTiud 49 poioa33® quswaaoxdwy sajeoIpul udls snld ()
-youed owes @yl Uuo popiea o1 satdwes pa1ITYoOUN pue pe1T1iyd (1)

e i e

—

AR A crg- | grt1-] 979 } 9TLE g 11+| ¢°8*t (%) @8ueyd
G o+ z°y- | 9°6- | €°¢- c gk | 6TEF | LTTH 28uey)d
0% cecy | 0"wy | 9797 | S SE 0°6¢ | 8°6G€E A cg18 MIOVI
G°¢ /6% | 9°6% | &76% o"ee | 6°28 | 1°€t 2uoN 9g18 MNVI
; ]
0 ceo+ | €°0- | LTTr § €76 o°¢+ | L7€E- (%) @3uT'yd
0 z°o+ L 170~ | L°C* 1°¢+ | ¢T1r j¥L- . oZueyd
o'y yeoy | 6T6E | €71 § 979¢ %°1€ | 6°9¢ 51# co13 MIOVI
0y z°0% | 9°6€ | 970% [ STEE 56°62 | €°8 2uoN 9018 MNVI
0 9*g- | €71~ | 1°€+ } 9767 g6+ | 8°G¢t (%) @3ueud
0 c°0- | 970- | v it § 8°1F g 1+ | 61t a8ueyd
3°¢€ z°cy | wogy | 179% | &°VE vope | LTYE 31 €63 MAOVI
g*¢ crcy | 0"wy | LTww o § L7cCt 9°z¢ | 8°¢¢ SuoN %68 MOV 1
% wwwmw>< *3AY TUTW *xen - 3AVY *UTKW * X B wo1s4s mSmmwupm%dum
uoTIEZUoTd (1s>) eaewtaln | (1s%) PISIA TTHUD ut dTuEuy PUT
s e n 1 B A 2 1T 1 s U2l (Z) °X a1dues PTI°H

-quipisM 2233V sked 0¢ peSy A11eanieN °°3E1d 9L-%#102 w91/G Ut

spreM 3O sot3asdoig @TIsudl uo SutT{IyD 2P1S 3u0ad Jo I92IIT A PTAFL




vt T e b i e R

*9seaI09p sIIJBOTPUT uBIs snutw {ZUITTIYD £q pe3lodzje jusweacadwl so3edIpul udIs snid (2)
*1ouewd swes 943 uO papIoM sa9m soldwss pPOTTIYOUN pur PSTITIYD (1)

0 vg+ | G7Z- | 67T+ | SUS1+| gUzz+| zoel+ (%) @3uvyy

0 9 1+ | 21- | vt | voee | 1790 | 5o+ a2ueyy
€°9 0°6% | %°9% | 1°6% | 2°€€ | ¢'¢€€ | v €€ 61# GFZ8 MADY 1
€9 ULy | 9TLY | LTLv | 88T | 1°LZ | S§°62 auoN %6298 Mnd 1

8" y- 6°1+ | T°0- | O°1+ || S 11+| 8°S1+| ¢ 21+ (%) @3usyy

€°0- 6°0+ | 1°C- | G 0+ | €°¢+ | €°9- | 9°¢g+ a3uey)
0°9 €°8y | G°Ly | Z'8% | 1°2¢ | ®T1€ | 1°¢¢€ 614# £628 Md04d 1
£€°9 LY L 9Ly | LTL% § 8782 | 1742 | G°62 auoy %628 M09 1

Y, SuedoA ) . — =T “UTL . . - 1
cwwmmmmwaM >Mﬂmxvcwwmﬁﬂuwmz :>Mwmxvcwﬂmmw = waisdg MMWMMWMMMOMMm

S on1®A S 7171s 4o [ 1110 (1) °N @1dues pop

*ZuipioM 1913V poldy Lylwaniey

*23eTd 9I-%10Z wZ/1 UT

SPT®M jJo ss13aadoaq o1Fsudl uo BUTTITYD opFS 3IucLd 3O 39933F °*IA 91QEL




-ZuipTes 01 aotad pasysnaq sata T3UTd *£31soacd vg Atojewixcadde paulwIUOD suawioodg (€)
-aseo109p se3edIpul uldrs snulnw fFUTTTIUD Ag poioe3jys jususacadwy se23edipul ugis snid (2

*7oued 2wes Syl UO pIPISA °2i3M sordwes payIIydUn puw PRTTIUD (1)

H T i 1
Gr+ | gtet | TUoR | LTwh 1 gTOR 9Ter L ETLT % eTueyd
i
! [ -
cog+  4oztTH g0+ P GTIR P ZTOF L ST0F e 6707 , - - @gueyd _
¢y cosc lcee | 17sE | 75T | 976z | 3°SC 61 (g 1EC8 BIOVE
! 0y 1°9€ 1 8°Gg | 9°9¢ | G°GC | LWl | 6°9¢ auou ©2EL8 NV T
W | |
y | |
w ﬂ o @Tueyd
: €G- 9°g+ | [+ | 9°€+ | 9T+ I+ 8Tt m °fuwyd
: _
w ¢S G uy | Ztsc | 81w | 8°9T7 | 2°GT { 1°56C | €C# {913 MAOVZ
| . |
! ¢ g°LC | wTLE 2°2¢ | 2°%¢ 04 € ve ~ euou 2313 MOV ¢
| o DZRIVAY
| B RZENTTYVL By | vuwg | cxe | BAy | CUTH | CXUH | we3sds (zfeIIiedoad
UCI3CZUOTY | 1sy) o3evuialn | (1s4) pI®ta 11740 ul |cuey) puw
: S o 1 8 A o 1 T s 49 1% ) (1) °N o1dwBS pPIeM

-Zutpiep 2033y pedy Arreanien "93eId [8L-61¢Z w91/G Ul :
spiey 3o serazasdoag @1isusy uo SUITIIYD 9pIS Iucad 3O 399334 "IIA PT9ElL




e em el W - nontlh L I Seot it WY

o Side Chilling on Tensile Properties of Welds

Table VIII., Effect of Front
19-T&7 Plate. Naturally Aged After Welding.

in 1/2" 22

Weld Sample No . (1) Chill Tens ile VAl ues
and Chanze in www¢03 Yield (ksi) | Ultimate (ksi) mmHonmmwwos
%wovmdmwmmﬁmv Max. Min. Avg. | Max. Min. Avg. M><mmmmn ”,
m ;
| i b
2 RUW 851A none | 21.2] 20.6 1 20.9 i 40.6 { 40.2 1 40.4 koe.o0
2PCFW 851A #18 ' 23,01 22.3 1 22.5 0 42.2 1 41,0} 41.5 7.3
Changze +1.81 +1.7 | +1.6 | +i.6 { +0.8 | +1.1 ( -0.7
Change (%) +8.5 ] +8.3 | 47.7 § +3.9 | +0.2 | +2.7 ¢ -8.8
:
2 BUW 8255 none 16,91 19.6 1 1.7 § 3¢.0 | 38.4 1 38.8 1 8.3
2BCFW €254 #1¢ 20.5| 19.3 | 20.2 § 40.8 | 3.9 40.2 } 7.8
Chanze +0.6 -0.3 +C.5 ¢ +1.8 +1.4 +1.4 W -0.5
Change (%) | +3.01 -1.51 42.5 § +4.6 | +3.9 | +3.6 ¢ -6.0
! !
| | |
2 BUW 6188 none s3.21 19,71 21,71 42.6 | 36.1 ) 39.4 { 7.3
2ncru 6187¢) #23 21.8| 21.1] 21.6 & 40.6 | 40.6 | 40.8 1§ E.3
Change 4] 41.5 0 =003 L =107 1 4405 104 410
Change (%) 6.0] +7.61 -0.5 1 -4.0 1+12.5 | +3.6 i +13.7
m |

(1) Chilled and unchilled samples were welded on the same panel.
(2) Plus sign indicates improvement effacted by chilling; minus sign indicates decrease

(3) Ci.» leaked into the arc during welding.

¢ o
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¢ ferd

Plate Material ; Heat (D ‘Heat Extraction |
| Weld eat Input + (by Liquid C02) f\
| Thick- | Sample | ' (2) G
Alloy ness_ | Number AV T lesﬁﬂmem .CO2 Q27
- 2'(1nch) ! ; : M
| ! i i i i )
2014-T6 5/16 *1AUW8186§ 220112.0{9.652.7 ».. - - - 136
" " 1ACFW8185 220.12.0 { 6.9 73.6 4 #23 1.5 110,041
" " | 1AUW892 1230:12.07.967.0 % - - - 134
" " |1ACFWE91 1 230,12.0 7.7 68.7 ¢ #18 ~1.67 42.7.3
2014-T6 | 5/16 |1AUWE94 }230 11.5 15.652.8 & - = - - 37,
" " | 1ACFW693 | 230/11.5 { 8.2 61.9 | #18  1.44 ;26.0 41
" " 1AUWE106 | 220:12.0 | 6.4 '60.3 ' - - - 432,
" " { 1ACFW8105 220.12.0 16.281.6 © #19 .1.62 (34.5135
i ? ! ’ I . ;
2014-16 @ 1/2  |1BUW8254 |315112.0 | 6.3 72,1’ - - - i35,
"o " 1BCFW8253] 315 112.0 §5'4! 84.1" #19 2.2 !50.6 140,
" " 1ECFWB235; 325 12.5 1 6.7 72.8; #19  1.85 52.8 39,
" " 1BUWE96 :335.11.5 17.9, 58.6; - - - 31,
" " 1BCFW895 '335 11.5 17,2 64,3 #18 1.5 34.0 37,
: : : , P i ‘ ;
- g : ! ' J
2219- T87 5/16 |2AUW8182 ;220 :12.5 10.9! 48.4% - - i - |35,
" oo .2ACFW8181§920;12.5 {9.6, 54.5; #23  1.48 ,16.6 35
" { . 12AUW8104 | 210 12.5 '8.4: 60.07 - - 4= |32,
" o 2ACFW8102, 210712.5 - 7.7165.6! #19 1.36 38.4 35,
: ' | ? : % i '
2219-T&7 = 5/16 2AUW8232 | 220 12,0 10.4! 48.7: - - - i35
" Poom -leCFwa231§220112.o 9.6 52.8° #19 1,38 ;30.5i41,
: ! i . : ¢ ! : 4
! i : ! ‘ ! :
2219-T87 | 1/2 *2suwe51A 2330‘11.5 19.6 . 47.4 8 - N Fbs.
" L fzsCFwsszp 320 .11.8 1 7.6 59.7 . #18 1.4 24,7437
2219-787 : 1/2 {ZBUW8188 1335 ,11.5 6.7 53,20 - - - 135,
L P »2BCFW818/!335L11.5 /7.6 60,91 #23  1.39 !34.3 37,
! ; ‘ ; i f é : :
12219-T€7 | 1/2 | 2BUW8255 ﬁ315;12.5 7.1 66.81 - - - 34,
" L izacpwszsé 315 12.5 :5.oi 78.7i $#19 2.24 41, 8£36
| i ? i ! t :

(1) For single pass weld in 5/16" samples and for

(2 1b.

(3) Theoretical heat input for chilled welds -
calculated from the change in cooling rate (peak to 450°F.) betwe-

(4)s =

Scattered;

L = L1nea1

1 =

Intarrxttent

penetration pass onl:

C

of liquid CC2 delivery per inch of weld (chillingz available fr

\°
PR

Continuous.



TABLE XIV

— i

TENSTI

L E

PROPERTIES

_Artificially Aged After Welding

Solution H.T., and Azed After Weld

-ray Std =

NAVORD 0OD7574.

eld (k31) Ultimate (k51) | Elongation| Yield (ksi) Ultimate (ksi) Flon, L;
. 'Min. Avg.{Max. Min, Avg in 2" (A)| Max. Min. Avg.! Max, Min. Avg. in Z“C
f : l 5 T
|6:35.4 36.3/49,0, 47.5 48.7 3.7 55.7 52.0 54.165.5 62.8 64.2 4.0
10 35.3 39.0/48.7146.5:47.5 2.0 - - - 165.3 - - ' 6.0
4:.33.6:33,9146.6145.5 45.9 | 4.0 | 63.6 62.0 62.8 70.5 69.9 70.0, 4.0
.55.8:36 5/43.1,40.8 41.3 © 2.7 |65.3 62.4 63.9 73.4 71.0 72.2 6.3
5156.6 37.1:49.5 48.4°49.0 | 3.1 - - S . - -
5:38.3 39.9(48.6 48.0:48,3 2.0 - - -1 - - - -
9.32.2:32.546.0.42.0 44.8 © 2.7 |62.7 61.0 61.4/70.2 65.1 67.7° 4.0
4.34.1 34.7142.0:42.1 42.3 . 2.3 |64.062.9 63.5.70.3 66.2 69.4 3.0 -
0 33.4 34.0147.0/46.6 47.2 ' 5.0 |57.5 55,1 56.6 65.3 62.6 64.0 8.0
0°36.2-38.9[48.2 45.4 47.6 = 4.7 57.1 55.0 56.2,64.8 63.5 64.1 6,0
7:38.0 38.7149.5:48.2 48.7° 0 4.3 - - - - - - -
)29.7 30.9{47.5:46.0:47.0 4.0 |62.5 58.7 60.0.72.3 68.7 70.2 8.0
3 34,5 36.4{47.5,47.2 47.3 1 4.0 [59.6 59.1 55.4!69.7 68.7 69.2 5.3
| | ; : % - | i
5:34.6,35.1143.042.0'42.5 . 4.0 44.5 43.5 44,0.58.0 56.0 56.8 5.3
1 35.9.36.0140.8 40.7 40.7 © 4.3 [43.6 43.3 43.5/57.7 56.4 57.1 6.0
5.31.4/31,9:38.8 38.1 38.4 | 4.0 [50.4 50.2 50.3:66.9 58,3 5.3 4.3
) 30.6:33.2141.6 37.0 39.0 | 3.7 152.351.6 51. 9161.0.60.4 60.8" 5.0
: ’ i © i ; i : :
§ i t 4' | : * '
5 35.1:35.4 40,8 :40.4 40,4 3,3 - - - - - - -
5 36.9 38.5 47.5 43.2 44.7 . 5.0 T R N
1 S . ’ - P
; 14.4‘35.1_46.6:46.0 46.5 6.0 44,4 43.5 44.3559.0 56.0 58.3 5.3
"6.2 36.7 48.8 47.2 48.1 5.7 | 44.8 44,2 44.6'59.0 55.2 56.6. 8.0
; i j P | : .
4 34.6 35.1 45,6 44.5 45,0 6.7 - - = - - -
5 36.4 36.6 47.4 46.0 46.8 6.0 - - - - - - -
| : : o ; |
5 33.5 34.2 44.0 43,0 43.7 6.0 143.3 43,0 43,2.57.8 55 7 56.9: €.0
5 35.6 36.0 46.0 44.7 45.6 5.7 | 44.0 43.0 43.6. 57 8 56.6 57.3, &.0
i : 5 ’ 3 : ‘ '
" in 1/2" samples. Q] = heat input in joules/in./in.
bim CO2 = 157,500 joules per 1b.)
' comparable chilled and unchilled weld samples., Q2 = Q1 ~¥%— g%
. . 1 *



L]
‘_m__.w“**_W_MNMM““QW_*"ﬂm_«*.m_vw_~ &_~,~-~M-,h*-._“‘.m“\.-mn“*m~7uw~“~_
“*““‘““““““”"““‘““““*“ A FL T Poro&lty (avyg ,)(*) *N]

Baturally ;;pd (30 days) A‘tﬁr MNelding

e

———

o —————

“;1191’ (_ ‘_“&JltlTQtn L«J 10ﬁcat10 X~ Ra, %
Na\. hln Av hax Pin Avg iin 7'(”‘ P*aco Frac,
33.1 32,9 0 4¢ g 4.6 49,71 3.5 0 o
35.8 35.0n 35 5 46.6 44,9 45, 5/ 4.0 0 0
- - - - " - - -

- - - - - - ,’ - - -
2226 32,7 44.7 44,9 45 s 3.8 #1s1 ¢
38. 834,04 34,5 46 1 43.4 45,21 3.4 #1 s1 0
38.3 29,6 33,5 49 ¢ 39.6 40,21 4 5 - -
36.9 31.4 36.6 41.3 3¢.5 4@.4; 4.9 - -
29.5 27.1 25.8.47. 7 47.6 47.4 ¢ 3 #1 s1 0
33.1 31,4 32,1 4¢ 5 47.5 48,31 4.4 #1 s1 0
33.4 33.2 33,2 49 1 46,4 45.); 6.3 #1 SI 0
- - . . N - - -
B P ) )
4.3 249 24.2 38,5 37, 37.6! 5.3 #3 Lc 0
$.1 25,2 26.¢ 41.€ 39,2 40,5 5, #1 Lc.
- - - - - - - -

5.9 24,7 25.5 35 ¢ 35.8 32,1 4.9 #3 LC 5
.8 25.6 25.7 3¢, 36.5 37,3 4.3 #3 LC 2
+2.20.6 29,9 49 6 4n 404 g5 0 1
.2 22,3 22.5.42,2 41, 41,50 7.3 0 0
2,’;1 7 42.6 35,1 30 4 7.3 0 1

8 T1.2 21.6 40.¢ 4o ¢ 43.8, €.3 #1 s1 1
71806 1607 39,9 34 3.e g3 #1 SI 0
3 1903 20,2740, 3¢ ¢ 40.2. 7.4 0 0

Draw fileqg
" (2]

- i

Draw filed
" 1R}

CCz leakeg

Draw fileg
C02 leakeg

Al

ere brushed
"

Wire Brushed
|k} "

Draw filegd
C02 leaked

Draw filed
(A} 1 3]

————— e _—wwq‘_ww*—_ﬁ_
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TEMPLRATURE MinSURRIENTS oY INFRoR™D RaDIATION

Studies were made to determine the applicabllity of

infrared radiometry to measurenen: of temperatures of the

| .weldment during thHe welding process. - A survey was made of

| various types of ipstruments available, and three wvere selected
for experimental study. All contained a P43 detector with
germanium lenses capalle of small target size and focal length
from 6 to 30 inches or more. Two were fixed spot and the third
was a line scanner. Results of studies indicated that infrared
radionctry could be adapted to this program by making pro-
visions for the varying emittance of the work pilece and inter-
ference from the welding arc. Fixed spot radiometers are
more suitable for the work in this program, as monitoring of
the tewnperature of one or more single points for weld para-
meter control will bte the major purpoce for radiometer use.
Preclse information on the temperature of a single point
cannot readily be obtained from a line scanning radiomncter,
while fixed point radiometers ave ideally suited for this
epplication and arec consideratly less expensive., It is con-
templated that furture work would include the use of infrared
radioncters in the instrumentation, with eventual application
as a quality control device,.
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HEAT SCURCH:

RADIOHMNT SR :

RECORDER:

TICURE 64

. TRACE OF

< Mold

seain

Location - Cenier of radiomoeter scan line
Gormaniuw Lens, folding mirvor, mask,

rotating reticle, PbS detector, amplifier, etc.

Scan spced
Scan line =

50 in./secc.

0.020" x 3" 1/2" ahead of electrode

Honeywell Visicorder, chart

= 5 volts/in.
”‘\ - i, S ,‘,‘ o “\
/x I | B A B
Sk I /\ . .

RADIOMETER GAIN = 1

BARUES SCANNING RADICHMETER DURING

WELDING, SHOYING SIX CONSECUTIVE SCAMNS
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